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I N T R O D U C T I O N 
It is still a moot point whethei a m inUiiciuc can lie excited on callus 
foi illation l)\ changing biochemical conditions, and in pait icnlar b) 
suppletion ol certain elements In the eaily ycais of this (C'ntiii\ the 
ellect of phosphate suppletion has been the subject ol many experi­
ments, but these have laded to pi otitic с a satislactoi) ansuc i . (iold-
smiili (19f)7) ie-opened the subject with his lepoii on icmarkable le-
sults ol phosphate suppletion in li a c u n e healin». 
Houevei , an evaluation ol the eflcct of phosphate suppletion on callus 
fonnation would seem to icipiiie a (piantitative study. This necessitates 
expei imental inxestigalion. In \ісл also ol the consideiable c i m e n t in­
terest in the elfecis ol phosphate suppletion on bone lemodell ing and 
calcium and phosphate metabolism, this thesis piesems a tjuanlitativc 
stiid\ ol the effect on bone tissue as ^\ell as thai on callus toimation. 
In addition it devotes attention to some aspects concerning the struc-
tuie ol callus, and to the use of ladiogiaphs as a ciiteiion of l iact ine 
healing. 

С Η Α Ρ Τ E R 1 
CVLl.US F O R M A Π Ο Ν AND l'US I T R A U M A I 1С 
O S T F O P O R O S I S 
1.1 C.4LLIIS FOR\fΛ1 ION 
/././. Hislologual <oìiì\r of 'alius foimaltoii 
l 'he liealiiig ol a bone fi at tui с gcnciall) involves callus formation. 
Duliamel's description (1741) ol die dianges л\1)іс1і OCCHI at the l iacluie 
site during the healing phase, is still valiti. Numeious publications on 
callus loiination, and in pailiculai on ils histolog), lia\e siiue appeared. 
Re\icw.s ol this l i t c r a u n c weie presented b\ H a m (lí)(i9), l lr ist and 
McLean (1941) and McLean and Uiist (lí)ül). 
Danis (1919) locused aiteniion on a tvpc ol Iractuie healing uh ich 
diffeied horn that comcnl ional l ) known in that it was not accompanied 
by radiologically dcnionstrahle callus loimation. T o distinguish it trom 
fracture healing with callus formation, this type ol healing is called 
piimaty l iactuie healing. 
Piimaiy l iacturc healing 
Primary healing is possible undci conditions \Ji ich ensure anatomical 
adaptation and stable fixation. This nearly ah \a \ s icquires osteosvnthesis, 
with or without compression (kuntscher 1901-1967). Schenk and Wille-
negger (liMi.H, 190-1, 1907), Peiren et al. (1909) and Olemd et al. (1908) 
have given detailed dcsciiptions ol this piocess 'I he) worked with com-
plessive osteosynthesis in sheep and dogs. \ t sites whete the bone Irag-
ments are so adapted thai no tissue can i m e n c n e , the haveisian systems 
ol one bone fragment aie obsened to continue in the other. As alwa\s 
with an osteon in the process of icmodelling, the resorbing osteoclasis 
aie in the vanguard and behind them come the bonc-piodncing osteo-
blasts (Dlieni 1907). T h e ¿one damaged by the osteotomy (l'iatture) is 
repaiied by revasculaii/ation and mesenchymal elements. At sites where 
no complete adaptation has occuircd, healing lakes place in a dilfcrcnl 
way. T h e space between the bone tiagincnts is lilled up by a vascular 
network which originales trom periosteal and endosteal vessels (Olemd 
1908; Ralm et al. 1971). Bone biidges loi m around this network as in 
die case of angiogenic ossification (Krompether 1937; Olciud 1908). This 
tmoigani/cd bone tissue is later leplaced by secondary osteon systems. 
T h e static function of the bone is maintained, e\cn in the necrotic zone, 
as a lesult of the suppoi t provided by ihe osteosynthesis material T h e 
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time required for complete mechanical restoration pailly depends on 
the number ot osteons involved in pr imar) regeneration. Schenk and 
Willeneggcr (19fi4) estimated this peiiod to be two months .iftei osteo­
tomy ol the Kidius in a dog. Howe\cr. much less is as set кподмі about 
the medianical consequences ol p i imar) fiacture healing than about 
those ol tracture healing with dillus ioimation. T h e comjjicssive ostco-
s)nthesis can so change the bone coitcx that, particular!) alter removal 
ol the osteos)nthcsis material, it is no longei sullicieiillv, stiong and can 
consequent!) bieak (Ulitholt and Dubuc 1971). 
Frac tuie healing with callus foimation 
T h e healing ol conscivativel) tieated hactuics in\Olves callus formation. 
T h e r e are mimerons publications on this subject, most ol which report 
on studies carried out in rats and rabbits and aie concerned in particular 
л кіі callus lormation in the diapli\se-> ol long bones T h e \aiious des­
criptions \irtually agree e\en on details Excellent descriptions lia ve 
been given b) Urisi and McLean (1'Hl). Kockenberg (19()3), Ham (19ö9) 
and Coutelier (1969). 
A haematoma I orni s at the Iractuie site and extends along the bone and 
subperiosteally to adjacent pails. T h e haeinaioma is oiganized, capilla-
ries begin to grow in, and Noung t o n n e c m c tissue cells occur. Tlie hae-
matoma also encomp.isses tissue elements and bone particles, which 
disappear in the course ol time. T h e bone lemnants disappear with-
out an) evidence of osteoblasts in the \ ic in i i \ , which indicates the 
probabili t) ol osteohsis (Coutelier 1909) The toialit) o! granulaiion-
like tissue of young cells, originating h o m peiiosteum, endosteum and 
perivascular tissue in the havcisian canals, is known as pi ¡тагу osteo­
genic tissue or as pic-talius or pro-callus (Ham 1909). T h e \oung con­
nective tissue cells, libroblasls or tibioc)(es in (he pre-callus, were 
regarded In Pi i tchaul (19.r)2) as |jre-osteoblasts Within a few hours, 
prolifeiation of osteoblasts can be observed beneath the raised and 
thickened periosteum (Tonna and Croukite 1961, 1962), These osteo­
blasts are arranged pai allei to the vessels. '1 he diiection ol these struc-
tuies is towards the fiacture site. Primary bone trabeculae ai ranged in 
the same direction arc foimed in this tissue (Coutelier 1969; T o n n a 
1964; T n i e t a 195Я). Thi s i\pe of pr imai) bone tissue formation has 
been called angiogenic ossification by some investigatois (Krompecher 
1937; Koekenbcrg and Van Faassen 1962: Kockcnbeig 1963; Trueta 
1962), while oiheis icgaid it as an imni.Hine t\])e of desinai ossification, 
comparable with intramembranous bone forma ι ion (Ham 1969) As the 
subpei iosteal bone la\ei" increases in thickness, the so-called angiogenic 
character ol the bone formation at the periphciy disappears. Collagen 
fibres are found between the bone masses, and ossification assumes a 
desinai chai ас 1er. In other woids: theie is a t iansition betueen the two 
types of ossification (Koekenbeig and Van Faassen 1962; Koekenbcrg 
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1963). Apart h o m this dilleiciiiiuiion oí ыіЬреі¡osteal primary osteo-
genic tissue to a so-called bone collai, one also obseives differentiation 
ot the primary osteogenic tissue ol the pre-callus at the centre of the 
fracture (i.e. in the medullai) ca\iLy) and at the pei ipheiy ot the hac-
maloma at the level ol the fracture line (Ham 1969). This dilfercntiation 
takes two dillerent lonns: at some sites the inteicellular substance dis-
appears, and the tissue assumes the appearance of young lart i lage (libio-
cartilage). At other sites it begins to resemble osteoblasts, and spongy 
bone tiabeculae occui as a result ol desinai ossification. In this nuinnei, 
a callus is gradually fonned which consists of connective tissue remnants , 
bone tissue and cartilaginous tissue. T h e bony components a ie the sub-
pei ¡osteal bone collar and the islets ol spongy bone at the centi e. In 
beween one linds an aiea with cartilaginous tissue and hacmatoma 
remnants as well as connecti \c tissue-like suucluics I'hc bony ιοιηρυ-
ncnts are in contact with each othei as well as with the shall, even il 
the latter shows local neciosis. T h e piocess ol chondi.il ossilication 
depends on the si/e ot the cartilage nesis. Wheie caitilage nests aie in 
contact with each other, chondio-oslcoid lissue is lound (Uiisi and 
McLean 1911); u h e i c they are in contact with bone tissue, ossilication 
takes place (Ham 1969;. T h e necrotic ends of the fracture liaginents 
are giadually resorbed, and lor ihc most pai l revasculai i/ed. Thi s gnes 
rise to an abundance ot woven bone which is chaiactcii/ed by the tact 
thai il is not laminated, lieh m osleocytes, and containing large ostco-
cyle lacunae. Thi s is to say thai it is a piiniit i\e s t iucl ine which is sta­
tically and dynamically ineffective. T h e final phase of fiat ture healing 
is leplacemcnt ol wo\cn bone by laminated bone. This phase takes 
several months to yeais (Ham 1969). 
Ditteient animal species show consicleiable simihnities in callus lor-
malion. Such ditleicnccs as ha\e been obscnccl maini) tonccincd the 
durat ion ol the healing process and the ratio between desinai and chon­
dral ossilication. So lai as has been established, human callus loiniation 
lakes an identical course. 
SUMMARY 
A fuiclmc υ) osteotomy can heal m tiro (hffaoil irny\. Stxailed /лишпу 
frodine healing Іоксч pltue undo (onditions of (inaloiniuil adajìlation 
and completely stable fixation The healing of (on se) va lively healed 
fraclincs involves (alius fot manan. Woven bone is foi med, locally by 
angiogenic ossification but chiefly in de smal and cltondial ossification; 
this woven bone is subsecjiienily lemodelled to laminated bone tInoligli 
secondary reorganization. 
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112 Mmciolization of callus 
It is assumed that, undei noi mal conditions, the mnti ix newl) Ιοί med 
in the lemodclling ol IJOUC tissue attains some 70% ot mineializaiion 
vMlhni loin da)s (Fiost 19()>) Complete miiicializauon, houevei, may 
lake ycais When the т а т ч has been loi med ol osteoblasts, apatite 
tiystals a ie deposited u i t h m a \ci) shoii u n i t I h e osteoid /one theic 
lore icmains small, to become laige onl) undci patliologic.il conditions 
T h i s is wh) the Lacioix g ionp likes to avoid the temi osteoid, l e s e m n g 
it loi pathological conditions U n s t and McLean (1()41) dcmonsiiaied 
a smiilai piocess in liacttucs and m mineiali/alion of c.illus tissue in 
lats Noimal l ) , a p ie tedmg phase ot uncalcilied osteoid tissue is not 
t) pical of callus loimation When a Ікше i n a t m is loi med οι when 
cait i lagmous tissue is ossilhible, mineiah/at ion occuis simult.ineonsl) 
In othei woids when collagen libics li .nc loi med, and bcloic iheic is 
any distinct tasi к illation, calciti«anon is alleaci) beginning Delayed 
calcilication and osteoid foimaiion is i n t l u a l n c ol paihologual con 
ditions л інсіі may accompaii) the use ol a socallctl ladii logenic diet, 
chai.icten/ed by phosphate and м і а ш ш D delicicncx Such a diet, liovv 
evei, causes disoideis of mineiah/at ion clse\\lieie in the skeleton as 
well With the aid ol quantitai ive micioiacliogiaphy and ladioactive 
liacei studies ISilsonnc ( 1 9 J ( ) ) dcmonsiiaied that the most lapid upl.ike 
ot minerals occuis within the Insi two weeks, paii iculaily m the pc 
noste.il pa i l ol the callus mass Subsecjuenth the nuncial uptake lemams 
high loi some considctable time I h e intei mediai y p a u ot the callus 
is the last to mmeiali/c Ihc-e lindmgs aie «onsisicnt with histologual 
data piescnled by Pi i tchaid (1952, 19()1), L'nst and McLean ( l ' I l i ) and 
H a m (19b')), and with the lesults of chemical analysis as icpoited In 
Solhcim (1966) I h e mineial content ot the callus attains а п ы м п ш т 
attei two weeks (Nilsonnc 1459, Solhenn 1966) oi t lncc weeks (Shtachei 
and I'lisdicin 1967), the List mentioned authois maintain that collagen 
loimation attains a maximum altci 7 days I h e lime discrepan«Ν bc 
twten maximum collagen sMiihcsis and minetahzat ion would thcieloic 
seem to be sonicuhai gieaici than in nonnal bone lemotlelling IIow-
c\ei, this «Iocs not ne(cssaiil\ mean that no immethaie mmeiali/ation ot 
the bone matiix loi med takes p la i t 
Лссоісіт» to L n n t k m g (1918), cell p m l i l u a i i o n .md maliiv foimaiion 
attain a maximum alt t i 1 ò «lays which comcidts with maximum mmt ia l 
acciction The ie max theieloic Lc some di l le i tncc m the time ol maxi 
mum mineial acuet ion as lepoil t t l b \ d i l t c i tn l .uithois, \Lt it is genti 
a lh agi eed that legaidlcss ol die meiliod used, ni.iiux tissue loi med is 
mincialized iminedial th 
I h e ainoiini ot bone ad|accnl lo (he bactuic which pa i t inpa t t s in the 
in t ie tsed mineial uptake, dépends on (he animal species studied ( l a 
cioix 1956) Dogs show a moie locah/ed mmeial i / .mon icadion than 
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smaller animals, specilicall) lals, in which the reaction involve;» tlie 
enti ie peiiosteum (Xilsonnc li)."»9; Bohr 1У55). In rats, what may be 
clesci ibctl as a membranous periosteal caff is toi med around the enti ie 
bone, and the enclosed l ia i t ined bone is demineiali/ed to some extent. 
In dogs the pciiosie.il reaction is moie restricted, as is the demincializa-
tion and leminerali/ation a ionnd the l iactiue. \\'hen the bone tissue is 
stripped ol callus loimcil per ipheia lh .noimd the bone ha^ments in the 
vicinity ol the fracture, the incicased mineral uptake in the vicinit) is 
found to be less extensive and less intensive than that found on a 
Iractured bone still coveted with (alius tissue. 
Solhcim (1965) established that the callus tissue pioduces most ol the 
activity, while the coi lual bone adjacent to the frac lui с line is icspon-
sible tor only a small pa i l l-ven in callus, hovxevei, secondai) mineial-
i/ation lequiies a much longo pei iod of time. Wendebcig (HHil) lonnd 
a high uptake ol Stioiiiiuni 8Г) in ihe viciiuiv ol l iacunes in bum.in indi­
viduals, even allei several years. 
The extent to which the inciease in minciali/alion c o n d a l e s with an 
inciease in tensile stiength of the callus was studied in i.ibbils b\ Ivil-
kcnbeig (1901). No inciease in mineial content was dcmonsiiable I rom 
the 2()th to the (iOlh day alter Iraclnre, but an increase in tensile strength 
did occui. T h e latter must thcielore have been caused by changes in the 
organization within the callus. In ihe course ol the tiist (K) da\s ol 
haclurc healing, a conelat ion between tensile stiength and callus min-
erali/ation v\as dcmonstiable onl\ allei the liist 10 clavs. '1 lie conela t ion 
was again demonstiable Irom the fiOlh day on, when there was a simi-
larilv to laminated bone in v\hich an unmistak.ible coi relation betueen 
mineral content and stiength of cortex has been clemonsliatccl (We.ivei 
and Chalmeis 1900; Chahncis and We.ivei 1900). 
According to Singh and Delia Rosa (1908) the calcium taken up in the 
l iaclme area is in part derived b o m the diet, while anothei pai ι oii-
ginates horn other paits ol ihe skeleton. In subjects on a calcium-
deficient diet, no disorcleis ol mineiali/alion occui and the rate ol 
l iactiue healing lemains unchanged. 
SUMMARY 
И is jitstifmblc Ιυ udlicu· to ¡lie pinicijile llnit, unrici nwnial (tmd'ttions, 
any bone nialnx {отнгі ÍS unint'diati'ly minotdtzed. The шахитип 
mineral uptake oc<it)s ajlei the wtond or tliiid irceli of [мн litre healing. 
Diclaiy calcnun deficiency (tutses no (hange in fiad ID с healing and 
mineralization. A (onelalion belircen mineial content and tensile 
strength of Ihe callus m labbits is geneially not demonstiable until after 
60 days of fracline liealing. 
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1.1.3. Meclianuul f»opc>iies υ[ (alili*, 
T h c i e is a роьіи\е corrcLiiion beuvceii the tensile strength of normal 
coitical bone and the minibei ol collagen Hbrillae in cross-section. One 
ol the lactors clctcnnining the tensile strength is the cliiection in which 
the collagen iibrillae a ie anangecl. i\ioieo\er, tensile stiengtli is giealer 
when iheie arc few osteons ol large cliametci, and smaller when there 
aie many osteons and cement lines (Evans 1У58; Blaimont 1968). I t has 
also been established that the resistance ol cortical and spong) bone to 
compression increases with an increasing mineral content (Weaver 1966; 
Weaver and Chalmerb lOGfi; Chalmeis and Weaver 1966). 
T h e weight-bearing and stiengtli oí hactnres has been studied by 
Lindsay and Howes (1931), MtKeown et al. (1932), Hablei and Reiss 
(JU3(J), Copp and Gieenberg (1945) and Falkenbeig (1961). The) carried 
om e4|)L'iinieiiis in rats, dogs and rabbits and used a bending tesi as 
a criiei ion ol li acuire healing, with the exception of Falkenbeig who 
detei mined the tensile strength. 
Lindsa) and Howes (1931) and MtKeown et al. (1932) determined the 
hieakmg stienglh ot (alius tissue on tat libula trac lines, and ob-
tained lemarkable cunes . Dining the Inst 14 da\s ol Iractiue healing 
the stienglh inn eased i c g u h u h , but between the ІГнІі and the 24lh day 
it diminished, then to inciease again until the bicaking strength 
equalled that ol intact bone on the 45tli da) . 
'1 he initial i n n ease was believed to conespond with the lapid mineial-
¡zalion ol the fiist two weeks; the d innnul ion with the development of 
the medullar) space; and the linai inneasc with callus organization. 
These icsults weie (riticized by Falkenbeig (1961), who pointed out that 
die animals lost weight p iogiessneh . 1 lie animals' gencial condition 
and the type ol diet could have had a signilicanl ellect on the course ol 
h a i tu ie healing. 
Copp and Gieenberg (1915) lound that the bieaking siicngih ot lal 
libula h artiues attained a noi mal \a lue within 30 days 'I hey observed 
a giadual inciease in bieaking strength, without a den ease allei 14 clays. 
Häbler and Reiss (1936) lound no disiinct con elation between callus 
calcium (ontent and the physical p i o p m i c s deiermined by ι non is ol a 
bending lest and a loision test in canine ladial, ulnai and tibial hac­
tnres ot 50-90 clays standing. ГІіеу contluded thai ihe increase in 
sliength with i n n easing time appaient i) depends on tadois othei than 
the mineral content — prubabh the callus organizalion 
Falkenbeig (1961) studied callus stienglh in rabbits He detei mined the 
bieaking loice ami expiessed il in ι elation lo the callus diameter. 
I h e tensile stienglh uns detei mined allei 10, 20, 30 clays of fiaclure 
healing, etc., up to 120 days. Radial hacuires with and without klini­
scher nail weie compared. I h e sepaiaie experiments \aiiecl widely 
in results, \e\eithcless, gr idual l ) incieased lensde strength of the 
callus was established, and about one-third ol the tensile strength of an 
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intncl ladiLis ^\ль .iLtained a l td 10 da) s Vftei 140 da) s, the lensde 
sticngth was stdl no moie than about half the normal stiength Detei mina 
lions ol the mmeia l (onic iu showed that the inciease in tensile sticngth 
(lining the Inst 00 cl.i\s was umela ied to ihe dcgice ol minei cdi/ation but 
piobabl) depLiided on the degiec ol oigani/ation of the callus Ite)oml 
the ()0 da\ limit, the t o n e l a l i o n beiween mineiali/ation and incieasing 
tensile sticngth \\as signilicant 
si м \ и ю 
Tlic mechitnital pio/intus of mlail (oilual and sfiongw bone aw rrell-
hnoan Beiiding and luulion lah have bien nmied oui in oído to 
cx/iiiune ІІк теііитнаі ¡мора Ік s of (alliis I all enlx ι g m paìticuhn 
made ι xliainlive iludir·) of Un changes DÌ tin lensde slwnglh of labbil 
ladu Resloìulion lo Іік slwnolh of іічаа bone wqunrd a Іопц lime 
110 days of fuichiK lualing usloird labbil uida lo only half tlie 
shtngtli of an intact iadiits The inocau in linsiU stwngtli dining Ihe 
fnst 60 days of fiat tine iiealing is not d< j)t ndent on tin degKe of mine) 
alizalion but, il is assumed, on the callus OÍgamzation 
1 2 FACTORS I \ l I UEM ING THE ( OUKSt OF ( U L I S IOR\l\TI()N 
12 1 Local factors 
ISu.neious lactois |)l<i) a iole in the icgcncintivc pi οι esses which lead to 
liactuie hc.ibng 
\ I h e site, sc\ciit\ and t\pe ol l iactuie, «ind tin local bone chametei 
and bone sii uctuic 
I h e site, se\eiiis and i\pe ol h a i t u i e intl ihe bone diametei at the 
liactuie sue aie ol mipoitance loi the histological composilion ol the 
(alius loiined, but especialh loi ihe aniouni ol (alius loimed I h e 
lopogiaphv ol callus tissue on an evtensne spn.il l iactuie dillets l iom 
that on a t i a i m c i s e l iactuie (De Palma l'IV), kc\ ,ιικί fonwel l 1()12) 
Uns depends on the extent and shapt of the iii|uie(l aiea and the 
damage to s u n o u n d i n g pcnosieimi and intisiul.iiiue In the fust in 
stance, aftei all, the amount ol callus is detei mined In the extent ol 
penosteal cle\ation and the size ol the hacmaionia (Ham 1%'), Couteliei 
1464) 
I h e dilk'Kiices m healing between simple and compound hactuics aie 
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largely determined b) die lisk ot inleciion and inllammation, and die 
corresponding delence. T h e healing of a compound (raclure is slower 
than that of a simple h a c t m e even il no mani lest inl lammation occurs 
(Hoaglund and States 1967). 
T h e bone structure at the Iracture site — eg . conical diaphyseal bone 
versus spongy metaphyseal bone — deteimines marked differences in 
the couise and speed of consolidation. 1·raclures in spongy bone tissue 
generally heal more rapidlv than those in cott i tal bone, because con­
nections form more readily due to the larger surface area ol spongy 
trabcculae, and trabecular structuies more readily become continuous 
in callus with spongy bone tissue than in cortical compiaci bone (Bolder 
1953; Cave 1958; Watson Jones 1944). 
B. Exogenous and endogenous mechanical inlluences 
The influences to be consideied undei this heading aie: 
1. reduction and adaptat ion; 
2. immobilization, fixation, compiession and traction; 
3. functional activities. 
As mentioned before, primary frac t ine healing can OCCHI upon com-
pleiely anatomical adaptat ion and stable fixation under compression 
at sites where the pre-cxistent bone tissues a ie in contact (Danis 1919; 
Schenk and Willeneggcr 19(33, 1964. 1967; Oleiucl 1968: Ralm et al. 
1971). Accoiding to Kiintschei (1964, 1967), compiession is in fact not 
required, but absolute immobilization is sulficient to ensure fracture 
healing without callus, i.e. pi ι mai y healing. In other situations, and 
particularly when conservative ireatment is given, the mainici ol callus 
formation hugely depends on the degree ot adaptat ion and immobiliza­
tion. It is evident that a degiee ot immobilization is necessary to ensuie 
normal healing (Bolder 1953, 1967; Watson Jones 1944). A pseu-
darthrosis as a rule occuis as a icsult ot insufiicient immobilization ol the 
fracture (De Palma 1959). Distraction without adequate tixation, toision 
and sliding forces are panic ulaily den ¡mental in this respect, whereas 
intermil lent compression is in lad believed to lavoin callus toimation 
(Jessurun 1968; Yamagishi and Yoshimura 1955). It is generally assumed 
that, whenever reposition is les·* pei feet, moie chonclial bone is formed 
— and more on the concave than on the convex side. 
Moreover, the amount of caitilage in a callus is inversely piopoiiional to 
the stability of fixation; that is to say: the less stability, die more carti-
lage (Foigon and Boi nein ¡.s/a 1960). Kiompechei and his school have 
repeatedly demonstraied that cartilage tonus in response to compression, 
and connective tissue in response to traction. In a mechanically neutral 
milieu, angiogenic bone lonnation is believed to occur. 
It is to be borne in mind that, in normal l iactuie tieatment, these me-
chanical influences aie all involved, always at difteicnt sites and ai 
différent times. 
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ІЧІІІСІІОІЫІ activit) ihiougli (¡somenie) nuise 1c completions exerts a 
Li\Oui;il)le mHucnce, not o n h on le^eneiation pei sé l)iit also, jointly 
with othet forms o\ mechanical stress, on the secondai·) remodelling ot 
the ftacttue site This was first lormulaled hy \Volll as eaily as 1892, 
.md it has since been known as the law of Wollt. 
Not only adequate mechanical fixation as such, hut also the mannei in 
which it is achieved is ol importance. Foi example, when the intra-
incdullai) pressine is incie.ised b\ leaiuing the medullaiy ca\it% beloie 
fixation with a Kimtschei nail, a suliperiosieal spongy hone s tuic tuic 
lorms at the hone peripheiy. This does not happen when the same pro-
cedure of fixation is used without learning the medullaiy cavity (l)anck-
wardt-Lilliestiom НКИ); Danckwardt-Lilliestnim et al. 1970). 
С Vasciilai laclois 
' l 'he role ol \asciilaii/ation and vascular pal ic iu in callus tonnai ion has 
ahead) heen mentioned. It has been described in detail h) Kiompechei . 
in 1937 and in many subsequent publications, and by Kockenberg and 
Van Faassen (1962), Koekcnbeig (19(i.4) and T i u e t a (1955, H).')«, 1962). 
The local oxygenation ol callus tissue is not the same t lnoughoul . ft 
may be assumed that caililage lorms at sites ol relatively low oxygena­
tion, e.g. in the centie ol ι he callus. 
1). Physical fattois 
Physical and clccliical laclois also play a iole. Potential variations occur 
at the suifacc ol a bone submitted to stiess, the convex side being posi­
tively and the concave side being negatively charged. 1 his is explained 
by a pie/o-elecliic affect ol apatite ciystals and collagen tissue. Bone 
loi mal ion occuis on the negative, and icsoiption on the positive side 
(Hassetl H)()(i). 
Wittehol (I9()9) demolistiated that sites ol bone loimation can be prc-
deteimined by application ol amlici.il potential variations. 
Potential variations are also ol mllueiice on h a c t u i e regeneration. 
fieckcr and ΛΓιιι i.iy (1967, 1970) lound in amphibians with h a r lines thai 
generation of e let l i i r stimuli was a preree|iiisiic toi di l le ieni iat ion ol 
connective tissue elements fiom ci y ilnocvlcs. ' t h e electnc stimulus was 
pioduced hy the mechanical changes caused by the hacture. 
Apart h o m elccliical inlluences, cllects ol heal and changes in atmos-
pheiic piessurc have been observed. Kagleson, Decken, 'I ownsend and 
A n i o n (1967) lound that an ¡tinease in medullaiy tempeiatuie lavotued 
calcilication and growth ol callus in dogs. T h e changes weie demon-
stiable only ladiologically: no histological dillcicnce.s weie obseivcd. Jn 
non-acclimatized lals, a dec lease in almosphci it piessuie caused a sig-
niiicant delay of l iactuie healing. Once the r.its weie acclimati/ed, the 
Iractmes healed as well as in controls (Makley, Heiple, Chase and 
Herndon 1967). 
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SUMM \RY 
The local ¡adois υ[ пира) larue. foi uneven If и I [uictuie healing and 
local (onditions which influence fiacture liealing liavc been discusseci. 
It is evident that, foi uneventful jiaclure healing and sufficient callus 
formation, effoUs must be made to cnsuie adequate, reduction, adapta­
tion and inunobilizalion. In addition, vasculcn ¡m loi s and oxygenation 
are likewise of impoi lance. 
1.2.2. Geneìal, biocìiemical and lien inonal faclois 
a. T h e individual's »cneral condition and age 
Accoiding lo Alio (HHifi), il>eie is a ddtcrence in h a c u n e healing be-
iwccn old and >oung animals. The laiiei lorm more pet ¡osteal callus 
and show more rapid ininciali/ation and Hue ossilication. T h e total 
amount of callus is likewise laigei. With im leasing age ihe bone otten 
becomes osteopoiolk, and the medullarv space ine leases in relation to 
the width ol the coi lex (Sniilh 1!H>4; r l a \ l o r Fpker ami Fiost 1966; 
Takahashi and Frost 1966;. 
Osteoporotic bone Iractures heal to osteoporotic bone, i.e. the newl) 
foimed bone is of noimal structure but the amount ol bone tissue and 
bone \oliiine is diminished (Hick І9Ы); Ollhoff 1961). It is a debatable 
point whethci seiious illnesses such as tuberculosis, sevcie inlections 
diseases and cacheciic st.ites exert an inlluence on l iactuie healing 
(Bolder 1967). It has been demonstiatecl b\ Uiist that \ i i t u a l h noimal 
Iractine healing occuired in cachectic ι als with multiple liactures. 
Metabolic bone diseases such as osteomalacia, lickets and Pagets disease 
affect the couise ol l iactuie healing o n h if the changes i m o h e d aie 
extreme; and the s i iucture of the ncwlv lormecl bone tissue ullimatcK 
ieseml)les that of the pie-existent bone (Л1шіа\ 1931; Urist and McLean 
1941, Ulist 1959). 
b. Biochemical lactois 
Foi sc\eial decades, mail) nnesi igaiois liase been intiigued \>) the 
theoretical possibiliiv ol inlluencing l iactuie healing b\ adminisi iation 
ol a chemical agent oi a hormone. Xumeious agents lune been maiketed 
and iccommencled lor theii alleged!) fa\ocuable ellect on l iactuie heal­
ing l>\ piomoling more a b u n d a n t and moie lapid callus loimation. Л 
sui\e\ ol these agents has been gi\cu b\ Haldeman and Mooie (1934) 
and by Mat/en (1967). 1 hese agents have included vitamin prepaiations, 
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hoiinones (cspeci.ilh anabolic sex lioimoiics), plarenial cxtiacts ami 
ünrox ine , niineials, puherized bone, cu . (Kc) and Oclell 1955). 
Virtually none of these agents actnalh produces an ettcct that can stand 
the test oE ciitical anahsis. Mat/en (19(57) sunniiari/ed his іе іелх in the 
conclusion that no remedial agent has been demolistialeel to have a 
fa\oiii"able ellecl on callus tormation. His opinion is shared b\ Bollici 
(19()7) and McLean and Urist (1961). It is known, liowevei, that metab­
olic disorders which cause ceitain mineial deticiencies, and states ot 
sc\eie exhaustion with lood shortage, can dela\ the couise ol l iactuie 
healing even thougli total inhibition ol legenerativc ])rocesscs oi an 
alteration ol thcii couise does not occui. As .McLean and Urist put it: 
callus tissue takes the highest pi ioi i l ) , and enen a ininiinal supjjlv lioni 
the diet is snlficicnt to pioduce callus. 
T h e lollowing is a suives ol biochemical and hoiinonal laclois whose 
ellecls on l iactuie healing have been sindied in animal experiments. 
Vitamin Ü: 
In 1928, Hellner dcsciibcd a І .нопыЬІс eltect ol Vigantol (vitamin D 
supjjlction) on fiactuic healing in rats and guinea-pigs. In 1932, Ilackcn-
burg described two patienis (one ot whom almost certainly had a metab­
olic bone disorclei) in whom \it.imin D administraiion was belie\ed to 
have stimulated callus lormation. Stimulation ol l iactuie healing by 
calcium and vitainin D suppletion was also dcsciibcd b\ Kiockeit (1942) 
in rabbits. .Most ol these data aie based on ladiological obsei\atioiis 
and (ціа1ііаіі\е histologic.d Hndings. Moieovcr, the data are piescnted 
in little detail. A moie exhausiive stud\ i\as that ol Urist and McLean 
(1911), who obseixed no (alcilit.ilion ol callus during the liist 10-15 cla)s 
ol l iactuie healing in young bits with absolute vidimili I) dehcienc). 
Some calcilication was observed theicalter. Rapid healing occuned altei 
suppletion ol vitamin 1) or inoigainc phosphate. In adult lats with 
vitamin D oi phosphate delie ¡спел, however, the couise ot l iactuie 
healing was epiite noimal. But overdosage ol vitamin ID leads to patho­
logical absoiption ot bone tissue and lormation ol osteoid tissue (Gois-
man and Compel с 1938; Urist and McLean 1941) 
This untoward ellecl ol large doses ol vitamin D was also obsetved by 
Copp and (. leenbeig (1915), who a d m u m t e i e d 10,000 U vitamin D per 
4 davs pei lal, and found a d e a case m the si/e and calcilication ol the 
callus and diminut ion ol bicaking stienglh. 
Calcium: 
Local application ol calcium at the sites of bone delects, hactuies and 
pseudai tlnoses, and addition ol <alcium to the diet, is dcsciibcd by some 
as having and by otheis as not having a lavourablc ellect (Key 1934; 
Goisman and Compeie 1938: Fischci and Kcv 1934; Haldeman and 
Mooie 1931; Key and Odell 1955). 
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Fliioiide 
Adiiiiiiistiatioii oi IIUOIKIL causes no chance m fiat lui e Ііеаішц (Odell 
and ke> 1953) 
Viiamin A 
T h e callus ol fibul.a l iac t ints ш bits Willi лпаіши \ delιclenc^ is ab 
noi mall) small, and its oiqani/aiion and talcilication aie dclased These 
feaiuies aie lestoied to noim.il altei adinmisi iat ion ol Іаіцс doses ol 
vitamin A (Copp and CFiecnbtig 1913) 
Vitamin С 
In guinea-pigs with \itaniin С dclitieiicv, no h a t i u i e healing is ob-
seivcd alici 1 weeks Ml elements ol m a u i x , but pai iiciil.nl) t o n n e c m c 
tissue and osteoblasts, .ne piesent m diminished ainoiinls T h e callus 
is lestoied altci abolition ol the dclici( iu) (Sthilo\\/e\\ 192H, St iauth 
and Cedei 1%*$) 
Anticoagulants 
T h e i e a i t no d n u c a l obsinvauons on an) i n l h i t n t c ol anticoagulants 
on fiactine he.iling l l a t m a i k (1904) lepoited iliat dicoumaiol acceleiat 
ed (onsohdation in lats, while h e p a n n i c m p o i a n h inhibited it 
Rokkanen ami Slalis (I9()l) concluded that in pai titillai a combination 
of h e p a n n and dicoumaiol dela\s callus loimalion T h e hact iuc hacina 
toma and the amount ot tai til. ige ι emani une hanged loi some (onsidci 
able time In i.tts, ihe\ lound thai sintiom administeied liom the time 
of osteotomy on, also del n e d hactuie healing \ lai gei (alius with moie 
caiulage and a loosci s i iuctuie loi med, but lins ossihed n o i m a l h I he 
incieased amount ol caitilage and slouei ossihcation tan p i o b a b h be 
explained b) the ы/с ol the callus and ihe ]jooi \asculai ization Ho^\ 
ever, no lundamental dilfciente h o m noi mal callus loimation was ob 
sei ν ed 
с Hoinional lactois 
1 he so-tailed anabolic slcioids with leduced andiogemc acti\it\ aie 
stili legulai l) being used in the u c a t m e n i ol l i a t t iuc patients with 
osteopoiosis (Haitenbach 1902, Moon .nid U n s i 1902) Midiogcns attel 
eiatc consolidation, oesliogens acceleiate nnncializ.uion and elisine that 
the callus lemams small (Koskinen 19G7) 
Adminisliation of glossili hoimone, and especialh ot a (ombination ot 
giowth hoimone and th\iot iopic hoimone ( 1 SH), led to eailici оссш 
lence and an acceleiaied couise ol ossilnation and mat inat ion in lats, 
and also acceleiated consolidation I h e ladiologicalh and histologiealh 
demonstiable eonsolidation ^vas twice as lapid Misol (1971) descnbed 
dela\ed union of a lemoial h a c t u i e in a patient wiih giowth hoimone 
depletion This patient stai ted lo loi m a noi mal callus allei administia 
99 
tion of growth hormone. 
Thyioxine administ iai ion has also been leported to promote ossitica-
tion (Kiiöfler 1967; Koskinen 1967). In lats lendered l i )pe i th \ io id h) 
adininistiation ol ui-iodoth\ioiii i ie, c.irtilage lesorption was acceleiated. 
Hypoth)ioiclisiii piodnced l)y nicrcaptoimidazolc, delays cartilage lesorp-
tion and ossitication. In sudi cases small l iabernlae develop, and theie 
is more cartilage and connective tissue (Tarsoly et al. 1967). 
Ke) et al. (1952) were unable lo demonstrate an untowaid ellect ol 
small closes of cortisone on hac ture healing. Л more quantitat ive study 
by Koskinen (1959), however, did leveal an ellect ol a small close of 
cortisone on callus foimation. In tats given cortisone, more fibrous tissue 
developed in the callus, and maturat ion and ossification weie delayed. 
In lats given a 7-da) course ol Calcitonin, the callus foimation on 
humeral fiactures showed no histological dillerences, but the calcium 
content and eli ν weight ol the callus were incicascd (Ewald and Tach-
d)ian 1907). 
SUMMARV 
Fiiulinc healing /\ gcnnally bilie influenced by changes m general, 
Ыосііеіпігаі and lioimonal /Vu/em. A<coiding to Unsi, callus tissue Іакеч 
the highest pnonly, and a nnnimal supply fioin the diet is sufficient lo 
ensuie callus foi ιιιαίιυιι. 'Піс influence of en tam factois has been stud­
ied in detail, and il may be concluded ¡ют these studies that seveie 
vitamin and lioiinonc deficiencies delay o> Ìeduce callus foimation, but 
that the latter leturns to normal after the deficiency is controlled. A 
possible pioinoting effect on fuictine healing was found only aflei ad-
ininistiation of gicneth homione, TSH and, in tessei degiee, sex hor-
mones and thyioxine. 
It should be pointed out thai most expenments wie cained out anth 
fiactuie.s irhiclt did not fulfil the piimcny local lequneinents foi fractuie 
healing. 
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1.3. POS Π KAUM λ П С ÜSILOPOROSIS 
The term "osicopoiosis" denotes a reduction ot the amount ol bone 
tissue per skeleud volume unit . ie».iidless ol the bone tissue s trut ture 
(H.uns and Henne) 1970). Osteoporosis can occur in a geneializcd and 
in a local loiin. T h e most common geneiaIÌ7ed osteoporosis is that 
which occins in okl age and, spccitically, gives m e to veitebral Iraclures 
(Unst et al. 1959, 1970), and also causes an incicased hecpiencv ol 
otliei l ia t tuies such as those of the lemoral neck and the ladins (Makin 
el a!. 1970; Bauer 1970). It is debatable vvhethei this osicopoiosis could be 
desciibed as pathological, toi the amount oi bone in the skeleton dimin-
ishes with inneasing age (Sedlin 1961; Frost 1963; Wu et al. 1967; 
Jowse) 19(ì0; Такаііаьііі and Fiost 1966). In postmenopausal women the 
diiiiinulion ot the amount ot bone with incieasing age is aac lc ia ted in 
compaiiboii with men ( \lbrighl el al. 1911; Noi din 1960, 1%]). Apail 
horn the "phvsiologital osteopoiosis", theie is a tvpe ot osieo]joiosis due 
to conditions vvhidi involve atceleiated Ізопс degeneration in iclation 
to bone loimation Well kiu)v\-ii examples nvc the osteopoioses obscived 
in Cushing's disease ^l^iggs et al. 19o0) and lupei thvioidism (Folhs 
1963). Those observed in hypogonadism and osteogenesis impcilecta are 
also based on dispmportion between bone pmduct ion and bone bieak-
down. The absolute i.ites ol bone loimation and resoiption play no 
iole in the pathogenesis of this i)pe ot osicopoiosis; spccitically in hypci-
thyioidism and osieogenesis impel letta, the bone loi mal ion is in lat i 
atceleiated (Heanev and Whedon 1958) 
It is ])Ossible (but icmains to be deiiionsiiaicd with ceitainly) that cal­
cium and'oi piotcin dcliciciuics can also leatl lo osicopoiosis. This tvpe 
ot osicopoiosis is sometimes observed alter gastietlomy and in cinhosis 
ol the livei. In amm.ils, tondii ions ic-cinbling osteopoiosis tan be in­
duced In icd ut ing the amount of t.ilciuin in the diet (Shah el al. 1967; 
[owsev and Geishon-Gohen 1964). 
Osteopoiosis ol obst ine actiolog} someimies occuis in voung indivitluals. 
Lack of normal stimuli tor bone lemodelling can also lead to osteo­
porosis; an example is louncl in the o-)teopoio'-is ot disuse which accom­
panies p a i a h t i c states, arlilicial inunobilizaiion in a pl.istei cast, and 
pioli acted tonl inement to bed (Whedon ami Shon 19.")7; Keele and Vose 
1969: Goldsmith et al 1969). It has btcn tlemonstiated that, in this 
osteopoiosis ol disuse, the calcium balance becomes negative while the 
calcium excietion intieases. In expciiments with isotope-labelled cal­
cium, Heanev (1962) demonsliated as plausible that resoiplion is ini-
tiallv accelerateti in this type ol osteoporosis, while bone lormation in­
tieases (but less than would he i c q u n e d to manitain the balance). 
AItei pioiiacied inactivity, icsoiption and lormation ot bone come to 
stiike a balance. It has been tlemonstiated in dogs that, attci aitilicial 
immobili/atioii, the phosphate acciction in the peiipheial laminateti 
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bone diminishes while ihe tenti al osteons rem.iin uncliangecl. T h e peii-
pheial tiiciilator\ clianges obsencd, iniglu be held lesponsible loi tliis 
change in deposition and. possibh, icsorption (Strandt et al. 19βΙ). 
Osteoporosis ol disuse is not caused In diminut ion ol (he a m o u n t ol 
calcium in the diet or by dianges in calcium metabolism. Kor does an 
increased calcium uptake inlluence the piognosis ol this osieoporosis 
(Fischer and Key 1934). 
Immobili/ation ol one limb can gi\c' use to local osteopotosis. Anothci 
t\pe ol local osteoporosis, Л ІІІСІІ in some Icatines clilleis t u n d a m c n l a l h 
Iioni that which accompanies immobiiizalion in a plaster cast, is post-
irauinatic osteopoiosis in the metaph\sis ol the distal Iractuie h a g m e n t 
(Chapchal 19()(), 19ϋ4, 1965, 1971). T h e two Upes ol osteoporosis dit ler 
in time ol onset and in the site and manner ol manifestation. Alter 7-9 
cla^s ol h acinic: healing in immobili/ation, a /one ol raielacimn loims 
in the meiaphysis ol the distal h a c t i n e l iagment. Osieopomsis ol disuse, 
however, does not occur until alter 30-10 cla\s, and clilluseh alice is the 
cntiie bone in question. 
Histologically, too, the t u o t\pcs of osteoporosis diller (Buideaux and 
Hutchison 1953). Alter a li acini с lesoiplioii is believed lo occur in 
parliculai beneath the |)c ,iiosieum and m the pciipheial сопеч, \\ hei cas 
in osteopoiosis of disuse it should be medullaiy in locali/ation. Featuies 
lesembling those ol posttiaumaiic osteopoiosis can be expei imcntallx 
induced by inducing congestion ol a limb with or wilhoul t iactuie 
through se\ciance ol the Achilles tendon in labbiis and dogs, and 
through immobili/aiion ol a limb with the loot in plantai llexion (Gei-
sei and True la 1958). 
On these giounds it has been postulated that positi aum.ilic osteopoiosis 
is caused .it least in pai l b) circulaloiy (and ncuiogenic) changes, venous 
stasis oi congestion. It has m tact been observed that the postiraumatic 
changes in the distal metaplnsis are accompanied In int leased cnctila-
tion and cnlaigemeni ol the \asculai bed \oIuiiie. These changes attain 
a maximum alter about 9 cla\s — the time at which the posüiaumatic 
osteoporosis becomes visible (Wra\ and Lxnch 1959). 
Whether (he histological dillerences between local osteopoiosis ol disuse 
and posUiaumatic osteoporosis rue lundamcnlal oi only gradual, depen-
dent on the extent ol subpeiiosieal callus lormation, cannot be estab-
lished with ceitainty (Lacioix 195(); Nilsonne 1959). Ноислеі , the time 
ol manilcsiation and the locali/ation ate so dil leient ih.it the piocess 
certainly takes a di l le ient couise, e\en ii the histological changes are nol 
lundainentalh diflerenl. 
Minerali/alion, as measuied b\ the total mineial contení in the distal 
liacture l iagment of the rabbit ladius, is diniinislied dining the tirsi 
3 weeks, and altciwards eithei normal oi increased (Falkenberg 1961). 
I h e same, be it in di l leient degiees, has been observed in lats and dogs 
(Nilsonne 1959: Solheim 1963). 
25 
Mention should be m.ide ol the splendid histological studies devoted to 
posttidiimntic osteopoiosis b) the Lacioix g ioup (Lacioix 14(i3, Latioix 
and Vincent 14(14, Lacioix and Ponlot 1947, Ronse 1%3), and specific-
all) b) Dhem (1%1) and De Nayei ( l%4) In old and \oiing labbits 
and dogs with se\eied Achilles tendons and subcutaneous congestion, 
the) studied the changes in the metaphysis and those in the calcaneus 
and metataisals b) means ol nncioiadiogiaph) and tetiac)cline and ah 
zäun stains B) this pioceduie a sc\cie degiee ol poiosis of the calcaneus 
and metataisals is induced, which must he explained by incieased resoip 
tion and diminut ion of the ninnbci ol bone liabeculac In the meta 
taisais, moi cover, subperiosteal icsoiption was observed In )oung 
animals the epiphyseal lines wcie seen to close Τ he lattei phenomenon 
also plavs an un poi tant iole in cluldien with hactuies 1 he liactuic 
can lead lo acceleiation ol giovvth oi a n e s t ol giowlh due to closure 
ol the distal epiphysis 
I n the t ieatmcnt ol patients it is thcieloie ol lundamental inipoitante 
that a policy is chosen which avoids pioti acted inactivity and stasis, on 
the othei hand the possibiht) ot tont i oiling oi intlutucing this post 
t iaumatic ostcopoiosis bv medication would be n n p o i l a n t 
si \I\I\R\ 
Afmil fi OHI gf'ìicHiliK (I osU ofìoìosis, ΪΙΊΙΙΓΙΙ can bc etilici pliyaological 
υι palhologuul, llteie is loud ostcopoiosis, ιιΊικ/ι includes llie lyp( 
known as posi tt au mal ic osteopoiosiî Ί he latici is dciiionshable in the 
ÌIK tapli-\us of the datai ¡lachnc jiag/iienl soon aflei the fiaclinc 
l Іич situalion has been txpaimentally umlated, and lustologual itudtes 
in sin h cxpeiiiiunls have shoan incitasi d к soi ption and dinunulwìi 
of the nuinbci of bom tuibcailae 
It has betn postulatdl thai these changfs occin as a icsult of cnculatoiy 
changes eithcì inucased tndilation οι enlaigemciit of lite vasculai bed 
volitine 
The total nnneial content of Ihe disiai fuictuu fiagnicnt is dtinmtshed 
dining the fusi ft w weeks of fiaclint healing, anti subsequently etilici 
nm mal t» int least tl 
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C H A P T E R 2 
USE O F I N O R G A N I C P H O S P H A 1 F . IN М Е Т А І Ю І Л С 
D I S O R D E R S O F HONE A N D F R A C T U R E H E A L I N G 
2 . 1 h t m i s o r S I I T I ι ι I O N O F I N O K C . \ M C Ι Ή Ο Μ Ί Ι Λ Ι Ι · O N M I ι \ в о і ic 
DISORDERS OF Γ.ΟΝΕ \NÜ IN \ M M \ L IXl'IRIMINTs 
One of Uic tiist ellecis of i>;iiailionnonc lo be clcsoihecl was the deci ease 
in phosphate exac t ion uh i i l i X'creetkc icpoited in i lm-o-paiailnioidec-
Lomi/ed aniinals in JS98. Once Collip had piepaicd a p.ualhvroid ex-
tract Ironi paiat I i \ io id glands in 11)2"), C.ieenuald and Gioss (1925, 1У2()) 
used il to demónstrale that pa ia thonnonc ciuses phosphatin ia. In 1932, 
Albright et al. observed that s)iiiptoiiis ol hyperpaiath^roidisin could be 
(ontiolleil by oral adininistiation ol phosphate. The) assumed that 
paraihoimone p i imanly increases renal phosphate exac t ion , iluis giving 
lise lo hvpophosphataeinia which in its turn is lesponsible loi niobili/a-
lion ol skeletal calcium. Phosphate suppleiion raises the seinm phos-
phate level and ι educes the sei uni <alciuiii (o iucnl ia i ion Calcinili and 
phosphate balances aie noiinali/ed. 
In 1918, hovvevci, Bainicot demonstrated that para ihoimone as such 
can cause bone lesoipiion; and in 1953 the diiect action ol paiathoi-
nione on bone was clcail) demon-itiated in tissue cultuies b\ Gaillard 
Talm.ige and Kraint/ (1954) v\eie among the fiist to demonstrate that 
p a i a t h o n n o n c in addition enlaigcs the renal tuhiil.n icabsoiplion ol 
calcium, and can thus laise the sei um calcium le\el. 
T h e iole ol phos|)liate in the pathogenesis ol Inpcrcalcacmia was thus 
icduced to much smallei piopoil ions. Dining the subsccpient period, 
less atteniion was thcieloie locused on the possible use ol phosphate in 
the uea tmcni of skeletal diseases. Recentlv, howcvei, thcie has been a 
revival ol interest in phosphate as a ilierapculic agent. In 1962, Dent 
dcsciibed patients with h^peiparathjraidis in in whom skelet.il abnor­
malities disappeaicd d u n n g phosphate medication. Goldsmith and Ing-
bai (19()Γ)) used phosphate infusions in the tieatincnt of patients with 
hvpeicalcaemia. Remslcin and Newton (I96(i) obseived impiO\emcnt ol 
Inpeicalcitiria lollowing oral phosphate medication. 
Mtliough ellecis on plasma and ur inar) calcium levels have been demoli­
sti ated in animal expeiinicnts as well, it is not cleai whethei the de­
crease is based on an elicci on the bone metabolism (Goldsmith et al. 
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1966, 1907; Goldsmith 1970; Feinblatt et ni. 1970; Goldsmith et al. 
1971), οι on deposiiion ot metastatic calcifications (Shackney et al. 1967; 
Care\ et al. 1968; Liseiibei» 1970; Spaulding and Walser 1970). Recenti) 
(1972), Dent has also described the occurrence ol metastatic calcilicalions 
as a ι esuli ol phosphate administration. 
O n the othei hand. West et al. (1964) and Nagant de Deuxchaines 
and Kiane (1907, 1971) have suggested phosphate tor the treatment ol 
\itaniin D-iesistcnt lickcts. Λ prerequisite to success was a laige dose 
given cvci) 1 houis; but this type ol thciapy cannot be long continued 
(Swoboda 1972). Othei t)pes ol hypophosphataemia Ьале also Ijecn 
reported to show a hi\ Durable ι espouse to phosphate therapy (Wilson 
and Yendt 1903; Ci ulchlow and David 1971) Bordici et al (1971) have 
lecenil) demonstiated, however, that phosphate does not icsloie the lost 
calcilication fionts in \itaiuin ü-iesistent osteomalacia. 
Loi/ et al. (1901) demonsti.iied ilio likelihood that phosphate depiction 
leads to osteomalacia in man. Phosphate-depleied animals ha \ e always 
been used as models for human osteomalacia lefiactoiy to vitamin D 
(Lindquist 1952; Robinson and Sheldon 1961: Dixit 1907; Simmons and 
Kunin 1970). It is debatable whether the changes observed in this cxpei-
imental set-up, and the ellect ot phosphate demonsnatcd in these con-
ditions, can realh be compaied with \ i t amin І)-сІеГісіепі osteomalacia 
or rickets in human paiients. 
The publications on the lavouiablc ellect of phosphate in inacl i\ it) 
ostcopoiosis (Goldsmith el al. 1907, 1969; Goldsmiih 1970) lia\c noi 
been corroborated in a long-ieim expci imcnt in childicn (Keele and 
Vose 1909). 
In-vitro studies (Rais/ et al. 1909) and in-vivo studies in thuo-paia-
tlnioidectomi/ecl i a b (Pechet el al. 1907: Cai roll and Pechet 1907; Mii-
liaucl ci al. 1908; Feinblau et al. 1970) lia\e revealed changes interpietcd 
as increased Ijone loimation d i n i n g pliosphate medication. This has not 
been confirmed in \it io by Reynolds ^1971), nor in noi mal lats by Shah 
et al. (1970). 
Long-teim administration ol large doses ol phosphate has long been 
known to lead to icnal damage (Fourman 1959; Vipperman 1909) and lo 
p a i a i l n i o i d hypci plasia (Кrook ci al. I90.'i, 1901). Reiss (1909-1970) ob­
served .in intie.ise in pai . i lhormone conccniiation lollo\\'iiig phosphate 
adminisi iat ion. In an earlier stud) ol hoises and cats (Kiook 1903, 1901). 
and more icceiitl) in Hits (Claik 1971) and in inbbits (Jowse) 1972), signs 
ot secondai \ I n p e r p a i a t l m o i d i s m л\еіе obscr\cd I rom (huge doses ol) 
pliosphate. 
It is quite conceivable, iherctoie, that any possible increase in bone 
fonnation is giaduall) couniei balanced b\ compensatory ¡neieases in 
bone rcsoiption. 
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SUMMARY 
77/e clinual use of pliospliule is not devoid of dnngci. The mecliamsm 
of action lemnins obscine. Comjxnison of рііо^рііаіе efferh m unpliysi-
ologiial animal expeiiincnls (tliyiojxiratliyiotdeiioimzed annuals) and 
in-vitw sluclies teiih litóse obseived under clinical conditions is a veiy 
questionable pioceduu. Тохк ejfeils on the kidneys and metastatic 
(aliifnatiom liave been obseived in nounal test animals and paticnl.s 
¡riven large doses of pìiosphate. MOÌcover, signs of secondaiy Ііурыpaia-
thyioidism in llie seiuin and dneclly m the skeleton lume been ob­
seived in animals, and mcieased serum paiaihot mone levels have been 
ic/wiled m liuman subjects. Their aie (onsequenlly sound reasons to 
question the use of pltosphale and tltc icpoits on its efficacy. 
4.2. INORGWIC. PHOMMIVIF \M) TRVCllRl lit \I ISO 
In the couisc ol the ' Ihi i t ies о I lliib (eiitiii\, some aliempis lia\c been 
made to stimulate l iaclure healing wiili the aid of inorganic phosphate, 
alone or combined with calcium, added to the diet or local!) applied to 
the frartuie site. Halcleiiian and Moore (1931) have icvicwecl the rele-
\ant studies and the lesulis obtained. T h e general impression was that 
local application ol c.ilciiiin and phosphate might impio\e Iraclure 
healing and, as Haldeman and Mooie themselves demonstrated, could 
cena i η I y ι cd tu с the pscudai thiosis rale. In these experiments, use was 
always made ol calcium and phosphate in the form ol calcium mono-, 
di-, οι ti ¡phosphate The ci ilei ia used wei e the histolog) (not cpiantita-
livc) and the iacliologic.il Undings. Wheteas tlicie was \ i r tua l l \ complete 
agiecnicnl about the hnou iab le ellect ol locally applied calcium phos-
phate (Albee and Moirison 1920; l-den 1923; M u n a y 1931), (onitovcr.sial 
\iews weie held on the ellects ol dietary phosphate suppletion or 
changes in the sci uni calcium phosphate product on l iacluic healing. 
Some investigaiois maintained that high sei uni phosphate levels were 
important ('lisciali and H a n is 1922), and that diminution ol the serum 
calcuini phosphate product ga\e pooi hac tu ie healing (Pcicison 1921). 
Others doubled the inipoitance ol the sei urn calcium phosphate pioduct 
in this lespeet. It should be pointed out in this context thai changes in 
the calcium phosphate concentrations were produced by giving paia-
th)ioid extracts which stimulate callus loimation (Ravelin and Monison 
1928; Diagstedt and Kearns 1932) or l>\ paiallnroidectoiny. 
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One oí ihe most іеш.икдЫе applications et pliosphoi us m luinian thci-
ap) was oral aclniinistiaiion ol elciiicntai) \ello\\· phosplioms Phemisier 
(1918) piesciibcd this lor patients with lickets (instead of сосііілег oil), 
Ollier's disease, osteogenesis unpeilectn, and h a t lin es. He observed a 
favourable radiological íesult and assumed that the bones became 
stiongei. T h e favouiable ladiolo^ical leannes weie those of highci-
contiast /ones in the mctaph^sis, л ііеіе the phos])horus administiation 
caused inrcfaction ot the bone (Lactoix 19ril) This u p e ol theiap) is 
belie\ed to ha\e liten used since AVe^nei (1874). Ju 192(), Hess and 
Weinstotk pomtetl out the gia\e risk ot giving this toxic \ello\\ phos­
phorus, and explained that the appâtent increase in bone density was 
in actual lact indicarne ol .1 loss ot stiengih. In lats, phosphorus could 
neithei cine nor p ie \eni rickets. It lias not since been used. 
Most ol these studies aie ratliei in tonc lusnc because theii design is 
pooi and the method used (usualh iiiteipietation ot ladiogiaphs) gives 
no (pianliliable 01 objectiliablc lesults Invcstigalois at thai lime weie 
sliongly influenced l)y f . e m h e s \ ieu (192()) that hac iure liealing sliould 
be icgauled as an extiaccflulai chemical l eau ion in the tissues sunound-
ing the t rat t ine, and that this cellula] 1 cat lion deteimined die prohtci-
ation ol tells and the osteogenesis La tei, it was moie genciall} accepted 
that Iracture healing is laigeb a mallei ol redut t ion, adaptation and 
immobilization, in which thenuta l inlluenccs aie ot negligible nnpoi-
lance. 
In 1967, lunvcNCi, the (jiiesiion was laised again b) Goldsmith in the 
context of the gcneial inteiesi 111 phospliale and metabolic disoiders ol 
bone In the publication b\ Goldsmith, λν^οοιίΐιοι^ε Ingbai eind Segal 
(1967) it was postulated that, m hat lines ol ilie teimn and ankle, in­
organic phosphate: a) leduccs the lime l e q u n e d lor clinical consoli­
dation, and b) icdiue·) the ladiologically demonsliable tlegiee ol tle-
mineiali/ation 
Clinical consolidaiion is detined as a degice ol healing at whit h the 
fiacture can no longei be толсчі b\ manipulal ion, ami al which the 
patient indica les no pain al an attempt at moveiiient. This is suppoited 
b) i.idiographs whi th leveal a given degree ol callus toimation Accoitl-
ing to the abovementioncd lepoit, the time i c q u n e d loi tluiical consoli-
tlation was icduted lioni an aveiage ol 9.9 weeks to ().] weeks loi 
fiactiucs ol the femoial shaft, and h o m 12.1 weeks to 6.1 weeks lor 
ankle hat lutes 
T h e ladiologitalh demonsti.'ible tlegiee ol dcnmieiah/auoii, that is the 
postl iaumatic osleopoiosis, was compaied allei six weeks, and a signit-
icant tliffeicnce was tlcmonstiated loi ankle Iraciiues. None ot the 
patients ti cateti witli phosphate showed substantial denunci ali/atioii 
(qualified as higher than 2-f b\ two independent lathologists). Ot the 
six patients with femoial Irac tines who had received phosphate, loin 
showed no demineiali/ation, and one showed a tlegiee ol demineial-
M) 
iVation qualified as 2-)-· All patients gi\cii no pliosph.ilc ]ло\ес1 to h.i\e 
developed osteopoiosis. 
Louis and Eyring (1970) supplied di l le ient dala on d n l d r c n . 'I'hey treat­
ed 43 lemoial ti acunes, giving phosphate suppletion in 19 (M) nig phos-
phoius pei kg hod\ weight). T h e t ieaiment sligluK loweied the sei um 
calcium level but the scrum phosphate level remained unchanged. These 
investigatois observed no di Hei enee in fiaciiire healing time. T h e y ob­
served no positiauinaiie deinineiali/ation either in the patients given 
phosphate or in those lelt u n u e a t c d . 
Tlie onl} othei recent publication on phosphate and li acinic healing 
to oui knowledge is that ol üoeplne i (1!)7()), who studied callus loinia-
tion in lats given diffeieni doses ol calcium and phosphoius. Doeplner 
was leali) the onlv investigalo!' to use c|iiantitativc parameteis: the Iresh 
dry weight of the callus and the amouni ot h)clr<)4V|)ioliiie. He observed 
the most marked deciease in mineiali /ation in association with phos-
phate clelicienc). Phosphate had no cleiiionstiable eltect on шаі і іч loi-
mation as measured by the amount ol hydroxyproline. 
As we pointed out in the pieccding section, the exact effect ol phosphate 
suppletion on bone tissue is still to be deteimined. 
An attempt to explain a possible d i e d ol phosphate suppletion on 
postuaumatic osteopoiosis in the same inannei as that on osteoporosis 
of disuse — as an inhibition ol bone icsorpiion (Goldsmith 19fi7) — is 
highly debatable in view ol the dillciences in o n g m between the two 
piocesses (Chapcha) ЮМ, 196-1, 1971; Lacioix ¡96.S, I M I ; De Naver 
19()9). An even moie lemai kable iheoiy ¡s th.it phosphate should in-
fluence callus foimation; foi this is an autonoiim pioccss which cannot 
be compared with the icinodelling and tin novel ol noi mal bone tissue. 
T h e diltcience between and the independence ol tractuic healing and 
bone lemodclling is cpnte evident in such pathological conditions as 
Pagets disease, hypeipaiathvioidism, osteomalacia and demineial i /at ion 
states, in which the bone metabolism is distinbed but in which Irac tines 
heal in a viituall) normal wa) (in the sense that the bone ultimatclv 
lormed is of the same cpiality as the préexistent tissue at (he site invoh 
eel (Mmlay 1931). 
St \1\URV 
Tins set lion diwusses mrlhods irlndi iiavc been used lo adnevr art ciri-
al ton of fuulmc healing by pliosphalc sitjjplclioti. It i\ pomlrd oui llial 
an cxplamilion of I he effet I of phosphate as il has been picsented foi 
mei abolir diso) dn \ of bone, cannot be simply applied also lo poslhan-
malir osteopoiosis. Callus fonnalion ronlmnes undishnbrd m llir pie-
sente of melabolic disoideis of bone, and tins slioics llial it is a vny 
attive pioress, lo be coinpawd with young foelal bone gitneth ititliei 
than mlh lughly diffnenliatcd bone icinodelling 
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2 3 iHi c\i cii'M i'iiosi'noKi s КАПО i\ MIL n i t i 
One should not le.ilh c\e) discuss UIL jjliosphoius contLiil ol a diet u i t h 
out (onsidci in» the c i k i u n i content as λ\ell SinnlniK, pliosphate supple 
tion d i m o i le.ilh be discusseci ш a nieiniii!>tul \\d\ unless the notmal 
phosphoius t o n t e m and die noim.d calcium phosphoius l a n o is known 
We lvno^\ moie ahoiit the optimal c a l u u m phos])li(>uis latio m the diet 
ot pigs, lo-wl, it iminants bits .ind mice than about that in labbits 
i he optimal calcium phosphoius ι alios loi maximal giovuli and max 
miai mineiaii/ation aie seldom the same Giowih is indicated as optimal 
in pigs at a calcium concentiation ol 0 4 — 1 6 o 0 and a phosphoius 
conccntiation ol 0 5 f , V lowei sci inn c.ilcium level is lound on a diet 
with a calcium content ul less than 0 S r r 0 \t η chetai) calcium con 
centiat ion ol 0 8 1 '
c
 the highest bieaking stienglh and stiess lesis 
tance pei suilace aiea unit ol tonili is lound Λη optimal seium phos 
phate concentiai ion is achieved with a dictai) calcium content ol 0 4 % 
Optimal \ahies foi mmeiali/ai ion aie 0 S — l f
 ( calcium and 0 ) ( , 0 phos 
phoius, a l a t i o o l \niual l\ 2 1 (Mil lo et а! 1()Г)2) 
In long-teim expei imoits (10 2G months) up to old age in mice, calcium 
and phosphate concenti allons w o e detei mined in lelation to degiee ol 
mmeiahzai ion, coitital, thickness, bieakmg stiengtli, bod\ weight, m 
duction ol ostcopoiosis and s o l l p a i t c.ilcilications (Shah et al ]%2) 
T h e maximal degiee ol n u n o a l i z a t i o n was .ichieved with 1 2 С ( calcium 
and 0 (•>% phosphoius, and the minnnal degiee with 1 2^, calcium and 
1 2 % phosphoius U a calcium phosphoius latio ol 2 1, calcinili supple 
tion was lollowed by an incicasc m bone ash contení, stiess lesislancc 
and conical thickness At a latio ot 1 1 these values weie lov\et, and 
laded to mcicasc upon calcium suppletion I he calcium content ol the 
heal t and ihe livo is noi dependent on chetai) calonni and phosphoi ' . 
contcnis tint the lenal calcium le^cl incicases as the cale nun coment ol 
the diet is mei eased, piobablv as a lesuh ot mcieised c.dcnim счсісіюп 
I h e boch weight, too, is optimal at a c.ilcium phosphoius latio ol 2 I 
anless an extiemel) high oi low calcium suppletion is gi\cii 
In lumnianis, loo, the optimal calcium phosphoius lat io is 2 I (Vippo 
man et al ]%Ч) λ high phosphoius concculiation m association Willi 
a low calcium level gives ι isc to a low plasma calcium conccntiation and 
a high plasma phosphate coiiecnliatioii Such aunnals succumb to 
ncplnocalcinosis, but aie consicl^iabh b e l l o oll allei calcinili supple 
lion \ low e a l o u m with a high phosphoius content is thciefoie un 
lavoinable, and a 2 1 lat io is to be p t e l e n e d 
In voting lats, maximal giowth is ensuied uv 22 mg cakiuin and 20 mg 
phosphoius dadv, v\hile maximal mmeial i/at ion iec|iuies IS mg c.ilcium 
and 31 nig phosphoius dailv Fins means that giowth iccpuies lelaiive ν 
moie phosphoius than mnieiali/ation, and thai the latio toi optimal 
mnieiali/ation should be it least 1 1 1 (Beinhaul t et al 19G1)) 
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Optimal calcium phosphoiiis latios ha\c heen dctei mined ^dso loi lowl 
A phosphoi us content ol 0 4 l
 0 is loo Ion Giowth, hoch ue ight and 
miueiali/ation aie moie optimal iijion phosphate suppleiion u p lo a 
phosphoiiis content ol 0 <> — 0 S('C) 1 he optimal calcinili phosphoi us 
latio is 1 5 1 oi 2 1, with a phosphoiiis content ol 0 о'
 0 (Wilcox et al 
I9()l( Da\ and Dilwoith 1962) 
lo i optimal absoiption, balance and lelenlion ol calcium and phos­
phate, tats l e q u n c 0 25°,, magnesium in the diet, at a calcium phos 
phoms lat io oi 2 1 and a minimal content ol 0 8% calcium and 0 4 f/'0 
phosphoiiis (Claik and Helangei 1907, (Jaik. 19G8) Rediidioi i ol the 
calcium phosjjhoius lat io bv phosphate suppletion leads to secondai) 
h y p u p a i a t h ) i o i d i s m (Llaik 1971) 
I he amount ol viianiin Y) ic i[uned is small, ,ind vitamin 1) dehcicnc) 
(auscs o n h tempoiai) inhibition oi g iovi l i (Amei ican National Aca­
demy ol Science ГІІ, Madsen el a! 1931) 
A long-leun low calcinili uptake leads to signs ol ostcopoiosis in cals and 
lats, these signs disappeai aftei lalcniin suppletion (McClendon et al 
19(з2, Jowsc) et al 19bl) I he abnoiinalities aie moie ni.nked m )ouiig 
lats (Williams et al 1957) 
Few data .ne available on the optimal calcium phosphoi us lat io in 
labbiis, bin we ma) assume thai it is m the same oidci ol magnitude as 
that in othci lodenis, ι e 1 I to 2 1 1 he Amencan National Acadeni) ol 
Science (19(>(>) estiniates the minimal phosphoi us coment as 0 27 f ' 0 , and 
Mathieu .nul Smith (19Ы) leached a snnilai conclusion A minimal 
phosphoiiis content ol 0 22°,, is believed to be iccpined loi atlequate 
giowlh and mineralization 
I he seitim ealdi im and phosphate levels а к dependent on the concen 
nat ions in the diet (Swan and Sain 1911. C.oldblatt and Mont/ 192r)) 
binali), it should be inciitioncd th.it little is known about human dieiai) 
caliium and phosphoiiis ie<|uiiements 1 he optimal amount ol calcium 
and the inllucnce ol a skeletal delicienc) aie still contioveisial points 
( \ o i d i n 19()0, 19bl, H a u i s o n el al 19(il, Hases et .il 1950, Ni<ola)ben 
I9b(), Bogclonoll et al 14Ή, Williams et al 1957) 
I h c i e aie induai ions that the (akini i i phosphoiiis latto οι the absolute 
amounl ot phosphoiiis is ollen too high In the nonna] Euiopean and 
Vinci ican dici, the calcium phosphoiiis i.itio is 1 I While it is estimated 
that 800 mg pei day is siillieient, the actual diet oltcn contains twice this 
amount ol phosphoiiis Induction ol b n e l tiansicnt changes in the 
calcium phosphoiiis ta l io has lailed to pmduce distinct abnoimalit ies 
in human siib|ccts (Malm І95-І, Spencci et al I9")<), Williams et al 
1957) 
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SI \ I \ I \ R \ 
FOÌ ιιιυ\( amiiiol spaics, the optimal (iiUiniii р/нлр/н» ι/s xitio m the 
diet is about 1 5 1 οι 2.1 Absolute (imounls of diUiuin and pliosphoius, 
lioicevc), ate mote vana ble Rabbits leqime a uiinniial eoncentiation 
of ()220
υ
 phosphoi us in the diet, although tlie optimal caleiiiin.phos 
phoius uilio foi uibbils is unknown, it ma\ be assinned to be in t/ie 
same oulei of magnitude as thai in olltei lodenti 
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С Π V Ρ 1 ί R 3 
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1 lie slucl) oí tlie l i lciatuie in ilie piCLcdrng cli.ipteis lias made it tlcai 
tli.it callus loi iiialion is а Іиціі puoi iL\ |)ioccss ivhidi m most allunai 
species lakes ι smul.n couise laclois \\hicli а к (letulecll) ol impoitancc 
loi adequate callus loim.'t ion aie leduction and niiniohili/ation I ittle 
is k n o u n about tlie biothcimc.il conditions leijuned loi цоосі І і . к і и н 
healing, apai t fiom ceitam deliciciuies, spcci.ilh, no suHmcnl l ) ex.ut 
data aie available on ihc m l l u e i u e o l phospliau supplction on l iactuie 
healing D u n n g the pei ι od 1()Л) 1У10, the biochemical (onduions and 
then etlecls on callus i n en ed much a u t n l i o n This vsas n e . n h al-wa^s 
studied, in cxpciiniLiiis as well, on (he basis ol ι he histologual leatiues 
and the i.uliological lindings (.oiiclusions lonncd at thai time concein 
nig the cllects of calcinili, phosphate and otliei substances on bone heal 
mg, aie contio\eisial Suite that pcnod, attcntioii in studies ol liactuiL 
healing and in expcinnenis on (alius (oiniaiion has locuseil on di l le ient 
aspects s.isculaiiz.ition ami incdianical and plnsical lactois 
In 1467 Goldsmith and otheis leopLiieil the (pi^sLion ol the ellect ol 
phosphate on callus foimaliou This was done in a с і іпнаі stud) m 
which clinicil consolidation and ladiogiaphs scned as c iuci la P . n t h 
m \ lew ol the ι isks entailed (metastatic calcilicaUoii'- icual damagL), 
it is ol inipoitancL to deie inune (( i iani i ta ineh whcthei phosphate 
supplction can be uselul In oui opinion, this question сап bc aiisweiecl 
ónix on ihc basis ol animal cxpciimeiUs \\ re know ol no publication 
on ibis i )pe ol expei imeni 
T h e stalling point in oui ечреі m u n i s was ι icidilv iLpioduciblL ostco 
toinv, liillilling the ]jieie(|uisiles loi l iactuie healing adaptat ion and 
immobdi/ation T h e healing c u t e n ι weic tensile siiength and moi 
pholog), which weie submitted lo ipianlil l i n e an.dvsis l o \eiil) the 
use ol ladiogiaphs as cutci ia loi a compaiable stud\ ol l iactuie hci lnig 
i.uhogi.qjhs weie made and compaied with tensile siicnglh dala I he 
elicci on poslliauiiiatic ostcopoiosis was studied in the distal bone 
Liagments 
Since the efted of phosphate on inciabolic disoideis ol bone, and on 
bone tissue in gcncial, is a CMIOSUIC ot nueiest and has not \el been 
adequatelv studied, we e x u m n c d the ellecls ol phosphate on bone tissue 
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as well <is on callus ioimntion I he ellects on bone tissue weie ьіікііесі 
in noim.il test animals not s u b n n t t u l lo і і і м о к і е і і о і т οι jj.nathytoi 
deetoni) \gaiii, a mechanic tl and a histological method weie used 
1 he phosphate stippletion gi\cn in the cxpenmcnts was not cxcessivel) 
lugli T w o types ol feed with a d i U u c n i calcinili phosphoi ns latio 
weie tested Seuun phosphate and cilciiini levels wcie deieimined in 
oidei to establish 1) whether phosphate supplction had an elfect on 
the sei um levels, and 2) whethci secondai \ changes in calcium ciuci 
phosphate metabolism occuned 
\ quantitat ive conipaiali\e stud) was thus made ol the etlecls ot phos 
phate suppletion on callus lormation .aid on noi mal bone tissue 
We also consideied the value ol (nneip ie ta t ion ol) ladiogiaphs as a 
criterion o£ consolidation 
Callus oigani/alion, lui.ill), was studied w n h the aid ol cnlaigcd photo 
giaphs ot the trac luie suilace 
]> (OMl'OSIIION Ol 1HI DILI 
I he composition ot the diet was based on the Iced noimallv supplied to 
labbits at the cential animal laboiatoiv ol the Univeisit) of iNijmegcn 
Thi s leed was found to tunta in l a t h t i st i ikmg amounts ot added 
mmeials and vitamins Since oui m i n a i ν itw w.is that the leed would 
have to be as simple as possible, without additions the Inst lew gioups 
studied weie l td allall.ι Allalfa glass is a naluial t t t d ol wild labbits 
labbits aie known to toleiate it well, even though the weight gam ol 
allaita ted labbits is lalhei low We delibciately ivoidcd a svnthetic 
feed because labbits show pooi toleiance to it (Goldblatt et al l(J2j) 
Six gioups ol labbits weie used in the cxpciiments H i e lust loin 
gioups icceived aitali.ι without supplction ol vitamins and m m t i a l s , 
the Inst two groups weie given meal, Inn pellets weie subscquentl) 
int ioduced because the animals weie messv with the meal and wasted 
too much ot it T h e phosphate gioups (gioups 2 and 1) icceived a supple 
tion which consisted ol a neutial mixtuic ol pi miai\ and secondai) 
sodium phosphate ( l \ a H , P ( ) 4 2H>Ü 12 Γ) Ν . ι , Η Γ Ο ^ Η , ϋ 75) I he 
suppletion amounted to 4 g/100 g teed, which laiscd the phosphoi us 
content iat ion tiom Ü 25'
 c t ( , 0 ')< ( T h e decision to give the supplelion 
in the solid leed and at this dosage, was made alici pioti acted tests 
with othei methods m a Luge nimibti ol labbits Vanous olhei con 
cenlrations weie given in these tests m the leed as well as in the watei 
I he abovementioned method and dosage ot suppletion howevei was 
found to be lughlv suitable lo le iancc to the teed was tan , and in-
testinal absotption of the phosphate was good as demolistiated bv the 
nit leasing scium phosphate levels Moieovei it was not thlhcull to 
measuie the amount ol solid feed ingested bv the animils Suppletion 
to watei is debatable because a t en .un amount is h tquent lv spilled 
Groups 5 ;uid (ì were g h e n the laboraron feed I,KOI, and the pliosplialc 
gronj) (group 6) received a suppletioii ot 3 g phosphate ot the same 
neutial mixtuie per 100 g teed, which raised the phosphorus conccn-
tialion I rom 0.45% to 0.95%. The leeds used vvcie t\vi(e anahsed at 
die Stale Agricultural Reseaich Station, Maastiicht. 
The analysis (in "¿) is given below, with loi LKOT a toinpai ¡son with 
the inanulactiirer's slatcmcnt (Hope Faims Ltd , Woeulen). 
AI [alfa Allalfa + 1 g phosphate 
'I otal protein 
Calcium 
Phosphorus 
Sodium 
15.2 
1.75 
0.25 
0.07 
LKOI 
m.intrfartiirei 
18.2 
0.08 
0.Γ)7 
0.3ft 
15.5 
1.75 
0.9 
0.94 
analysis 
16.9 
1.15 
0.45 
0.10 
LKOJ + 3 g phosphate 
Toral piotein   16.8 
Calcium 9   1.15 
Phosphorus .6  0.95 
Sodium  0.7 
In this wa), a rabbit weighing 3 kg on LKOI recencd 150 mg phos-
phoi us/kg bocK weight/da\. T h e h u m a n indmclual a\erages 14 mg 
phosphorus per kg body weight per day. T h e labbit therefore received 
about 10 times as much phosphorus per kg per day as the normal h u m a n 
individual. A rabbit on phosphoius suppletioii received 310 mg/kg/chi), 
and a human individual orr phosphorus a\eragcs 13 mg/kg/cla\; this 
means that the rabbit received about 8 times the suppletioii ol the 
human individual. T h e phosphoius suppletioii in (he rabbits was 
therefore relatively lower per kg. 
T h e analysis made at the State Agricultural Reseaich Station revealed 
lower' total protein and sodium \alucs than the manulactuicr had stated; 
the calcium aire! phosphoius percentages found were also diHercnt. 
T h e feeds used in our счрег iments were therefore: 
1. Alfalla with 1.75% calcium and 0.25% phosphorus, i.e. a calcium: 
phosphorus ratio of 7:1. 
2. Alfalfa with 4 g sodium phosphate suppletioii per 100 g, g n i n g 
1.75"() calcium and 0.9% phosphorus, i.e. a cakium:phosplioru.s 
ratio of about 2:1. 
3 LKOI with 1.15% calcium and ().15"0 phosphorus, i с a calcium: 
phosphorus ratio of about 2.5:1. 
4. LKOI with 3 g sodium phosphate suppletion pei 100 g, giving 1.15",', 
calcium and 0,95",', phosphorus, i.e. a calcium:pliosphorus ratio ol 
almost 1:1. 
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In the groups» given altali.i was a high calcium concentiation and a 
phosphoius conccnliation which л ач cilhci low (groups I and .'i) or high 
(groups 2 and 4). 
In the group given LKOI, there was a low calcium concentration and 
a phosphoius (oncentration uhich was eitliei less high (group 5) oi high 
(gioup (i) (table 1.2.0.). 
T h e gioups given allalla, theietoie, leceived a highci (alcium (oncen­
tration and a phosphorus concenti ation which was either lowei (in 
groups 1 and 3) or highei (in gioups 2 and 4) than that ol the pie-
experimental teed (I.KOI). 
As a ι esuli ol suppletion, the vitamin levels in LKOI are siguiticantlv 
highei than those in allalla. But the amounts ol vitamin in the latter 
aie sutticient (caroiene: 105 ing/kg; viiamin 1): -100 lU/kg). Noi is 
alfalla clclicient in magiiesium and otliei mineials (0.2°,, magnesium 
versus 0 .3"
o
 in I.KOI). T h e two ieeds have viiiuall) the same caloric 
value (.ibout 4000 cal/kg). The amouiiis ol p io iem in the two Ieeds do 
not di I lei much. 
So lai as we know, the optimal cale ium:phosphonis ratio is about 2:1 
Thi s lal io was attained in two ot the allaita gioups (groups 2 and 4, 
which leceived phosphate suppletion; and one ol the I.KOI gioups 
(group 5, without phosphate suppletion). in ihe loi mei two gioups the 
calcium and phosphoius values weie high, whcicas in the lauer group 
the) weie presumablv moie normal. 
Thi s situation enabled us to establish wheihci data h o m the l iteiature 
on other animal species aie valid also loi labbits, alwavs taking into 
account that the two teeds dil leied in moie icspects than only the 
calcium and phosphoius contents. 
. S . 3 . I l SI ARRANGI VII NT 
The animals used in oui expeiiincnis weie male rabbits ol the New 
Zealand White strain, which weie all obtained Ironi the same brecdci. 
T h e aveiage age was (i months or 10 months 
These animals weie submitted to an osteoioim haliwav the ladius, 
регГоітесІ with the aid ol a r o t a n s.iw unclei conditions kept as con­
stant as possible ( ' l iueta and Clavadlas Н)Г)Г)). 1 lie radius was chosen 
because this bone attaches to the pioximal and the disiai end ol the 
ulna In a stable svndcsmosis; consccpientlv no e\teinal lixation is 
lecpiired .iltei osteoioim, and the animal need nol be immobili/ed (tig. 
a). T h e osteoioim was pei loi med undei stenle conditions. 
One week prior to the osteotomv the animals weie placed on a measured 
diet ot 100 g leed per day. '1 he phosphate groups weie given the supple­
tion as a neutral mixluie ol secondai) and pi i m a n sodium phosphate, 
ν 
l igmc a. Views of llie radius and the ulna of a rabbit. An Osteotom) bas been pcr-
loiuied on llie radius. Top: bhuk and while photograph. Bottom: radiograph. 
a fixed amount of which was added to the teed (see 3.2). Alter the 
osteotomy, radiographs were made in two directions in order to assess 
the relative positions of the bone fragments. T h e animals were sacrificed 
2, 4, (i and 8 weeks after the osteotomy. The forelegs were dissected out, 
and the radius was separated Irom the ulna. Radiographs of the radius 
were made in Uvo directions immediately alter this. T h e bone frag­
ments to be tised in determination ol tensile strength were stored at 
—45 0C, and the fragments to be used in the histological study were im­
mersed in alcohol. T h e ulnae and the intact radii were likewise quick-
fro/cn or immersed in alcohol. 
We used six groups of rabbits which differed in type of feed and in the 
amount of phosphate administered, fn addition there were differences 
in age and body weight, the number of radii tised, and the device with 
which tensile strength was determined (see Chapter 4, tables 4.1.0 and 
4.2.0). 
Groups 1 and 2 totalled (iO rabbits which were sacrificed alter 2, 
4 and 6 weeks; one half of the rabbits were used tor determination 
of breaking force, and the other half for the histological study. One 
39 
gioup recei\ed phosphate stipplction (к)ои|э 2), the odici gioiip seiving 
as contiol g ioup (gioii]) 1) J he animals \ m e fi monihs old and ictei\cd 
alfalla meal u i t h , foi the phosphate ¿ннір, a suppletion ol l g/lOO g 
teed T h e l 'alkenheig de\i(e uas used to d c t e i m m e bieikiiig loice 
T h e ladiogiaphs obtained wcie not ol siillicient (jualitx loi Intci évalua 
lion, and the measuiement of the li acinic sui lace was likewise impel 
tcct Pail ieulail) because they spilled the meal, the animals did not eat 
sulhcicntl) and showed ,i substantial ueight loss it was theieloic decid 
cd to g n e suljsccpient gionps allalla pellets 
(»loup 3 and 4 totalled 103 labbits which weic sacnliccd altei 4, b and 
8 weeks Ol the total, 51 labbils weie used loi deteimination ol tensile 
stiength, and 28 foi the histological stud) C.ioup '-Í icccned allaita 
pellets, g ioup 1 іесеілесі the same pellets with a phosphate suppletion 
ol 1 ц/100 g teed \l tei saciificing the aiuinab, ladiogiaphs weic made 
with the Senogiaph Mtíi dciciiiMiiation ot bieakmg toitc with the 
Inslion device, the fiactiue smfacc w.is photogiajjhed with the \ i is 
tophot 
Giouji r) and (> totalled 80 labbils In these gioups, both lachi v\eie sub 
milted to ostcotomv 1 ensile stiength was deicimmcd in '55 labbits 
(70 ladu) , and 18 tabbits v\eic used loi tlie histological studv I he 
animals weic fed the noi mal laboiaioi) Iced L k O I with, loi the animals 
of g ionp 0, a phosphate sii]jpleiion ot 3 g/100 g teed Vgam, the Seno 
giaphe was used to make ladiogiaphs, and the Anstophot loi photo 
giaphs ot the 11 acinic sui face I he Inst ι on device was used 
It should be pointed out that setum (a lunni and phosphate levels weic 
deteiminccl in most animals beloie thev weie sacnticed T h e bod) 
weights w u c lecouled bcfoie the stai ι ol the c\pei imeni and again at 
the time ot saciilice Moicovei, the bones weic submitted to vital 
staining in the lust foni gioups (using iciiacvclmt and ah/aiin in 
gioups 1 .nul 2, and tetiacvcline m gioups -i and 1) 
'-14 si'Rvrv oi MtTHons 
> •) I l)<>t<ι mmation of bwahing foue, ііісачіпеіпггіі of llu fxithiic 
utiftue and temtlr stxnglli 
In gioups 1 and 2 the bieakmg loi с с was dcici mined with the aid ot the 
la lkenbeig device (Kdkcnbeig 1%1) which means that loice v\as 
measuied bv means ol ,t hand pulled spimg balance (hg b) 
In gioups S, I, 5 and () loice v\as applied with the aid ol the Inslion 
device, i e with a voke moving at a speed ot ЗДО (//mm ihe bieakmg 
toicc being lecouled on a sti ipeh n l lecoidci moving ,ιι a speed ol r) 
cm/mm (fig c) 
In both devices the ladu weie lived in the same mannei In all cases the 
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ligure h Пс ке according to Falkenbetg and details of 
acrylic and in the copper slicll. 
fixation ol the bone in 
II 
Figure (. General \ic\v ol the [nstroa set-up and detail of the fixation of the bone in 
ihe ilc\i<c. 
radius ends on either sitie ol the osteotomy were glued in a copper shell 
with the aid of the acrylic Degaplast (lig. h), leaving the osteotomy site 
exposed. This site was then covered with modelling clay, most of which 
was subsequently removed. 
Acrylic was chosen because, unlike other substances such as Wood's 
metal, it ensures adequate fixation of the bone. Moreover, with this 
Degaplast it was relatively easy to remove the fragments from the copper 
shells after the traction test (see also 4.2.). 
In addit ion to the breaking force, the tensile strength was determined. 
T h e surface area was determined by planimetry of enlarged photographs 
of the fracture surface of the callus; these photographs were made 
with the Aristophot (Leitz). In addition to the total fracture surface 
area, we determined the effective surface area (see 4.4.), i.e. that part 
of the total callus surface that is of importance for the callus strength. 
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3.4.2. Hisiohgual metliuà 
After dissection ;incl nidio^raph) , the ladii wert sucressheh immcised 
in alcoliol (extraction o( watei), chloiotoim (cxtiaction ol lat) and 
toluene. T h e bones wei e embedded in met lnl mctliuuylaie, and longi-
tudinal sections of 6 // ihickness weie tu l iliroiigl) the t i adu re . 'I'lic 
settions were stained л іііі liaeniatoxUin-cosin and a a o i d i n g to Goldnei 
as inodified b) Sclicnk (1969). Particiilail\ tlie slainin« according lo 
Goldner revealed distinct diffeientes beiv\een the bone tissue (giecn). 
cartilage (pink) and non-inineiali/ed connective tissue and other striut-
ures. T h e sites ol chondral as well as desinai ossilitation weie also 
clearl) visible. For quantitat ive analysis we used only the Goldnei 
sections. T h e surface pertentages of bone, and cartilage and non-
mincialized connective tissue, weie mcasuied b\ ineans ol the micio-
Videoinat (Zeiss) (see also 4.3.). 
In the lirst groups, telratyt l ine and ali/aiin weie sometimes used to 
mark die bone mati ¡\ where this is mineiali /cd. 'I his is д\1і\ in some 
cases we cut sections ol 100 ц ihickness lot cxaminaiion in ihe tluoies-
cence microscope. Moreover, mit io iadiogiams weie made ol the same 
sections. 
5.7.5. Radiological lerlmHjiie 
In groups .i, 1, 5 and (i, ladiogiaphs ol all ladii weie made with the 
Sènogiaphe iinmediatelv allei dissettion. The Sènogiaphe is nonnallv 
used loi mammography but gives an extelleni depit i ion ol callus loima-
lion, callus s l iucluie and osteotomy line /see also l..r>). 'J'hc ladiographs 
were inteipreted and ai ranged bv live objeiiive e\])eits with expciicnce 
in assessing osteotomies and t i a d u i e s 1 he aveiage ol these mvaiiablv 
subjetlivc i n t o pi étalions provides a lair impicssion ol the ladiologicall) 
demonstrated degice ol callus loimation and I radurc healing. ' I h e 
results can later be compared vwth the lesults ol lensde stiength dctei-
minations. 
?././ . Mirioiariiogiapliy of llic ¡»oxunul and disiai ladiiis 
Aficroradiogiams weie made ol the proximal and the distal segment o1 
the osteolomi/ed and the iniacl i.idius (sec 5 3.). Foi this purpose sec-
tions ol 100 и thickness were cut along the length ol the bone Com­
parison of the distal segmenis ol the ostcotomi/ed and the iinlieatcd 
ladii yielded an impicssion ot the pi esente (οι absence) ol positi aumntit 
osteopoiosis. 
5./.5. Hcnding lesi oj radius and ulna 
T h e maximum load in bending the ulna and the intat i ladius was 
determined in orclci io gain some impicssion ol the stiengih ol the 
Ί3 
noi mal bone tibsiie l l i c tensile stiength was not detei mined tor this 
pin pose because the tixaiion ol intact bones and the h acinic site some 
times pose pioblems m that detcimination 
We designed a simple extension to be mounied on the Insu on deuce, 
b) means ol which the bones could so be tixed that a thiee point bend 
ing test could be earned out to dcteimine the maximum load (sec 
also 5 2 ) 
3 16 De l cui ι mal ton of soum calcium and pliosphatc 
Noi mal sei um calcium and phosphate levels vveie detei mined in a 
inimbei of noi nuil labbits aged b 10 months 1 he animals wei e not 
made to last because it was oui intention to compaie the niHuence ol 
calcium and phosphate concenti ations in the diet with the sei uni values 
In the majonly of rabbits in gmups '-5, 1, 'i and (> calcium and phosphate 
levels vveie again detei mined In means ol heait punciuic nnmediatelv 
be toi e saci ilice (see liso Ί h ) 
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Tlie clisiiilnition ol the i.ihuits o\ei the giotips (see table 12 0) antl 
the valions methods oí imestigaiion is shown m table 1 1 0 
(,ιοιιρ iN'iimbei ol Used loi Used loi 1 l l l l , i n ' ' l« t ( l , , e 1 0 Used loi 
labbits t iaetion histologital Inflam othci 
test stud) mation death pin poses 
1 
9 
i 
30 
•Ю 
'Ü 
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10 
40 
15 
14 
25 
20 
15 
20 
13 
13 
15 
13 
y 
'J 
1 
2 
4 
4 
4 
5 
1 
1 
J 
0 
— 
-
— 
1 
3 
12 
0 
) 
() 
lo ta l 24^ 115 72 20 11 25 
I ab lL 1 1 1 D i s t i i h u t i o n ol I I I L l a h l i i i s (>\ci U I L \ J I I C I U S I I K I I U K I S ni n \ (s t i f> ш о п 
n u l M I I \ C \ o l ι i b b i l s ( . l in in i i l c d 
In e.ich ol these gioups some labbits had to be exeliiiled 
I he iiumbei ol dead was pait ienlai l) Luce m »lonps 3 and 1 in which 
most labbits (0) liad icecived phosphi te snppletion I h e siigi>eslion 
anses that in some cases the h i g e phosphate dose has caused и н о м 
cation Sinking leatines in these animals weic apalhv md v\eiglu loss 
Some othei labbits died h o m inte icmieni diseases, ihe most pioinmeni 
ol which was otitis media, one annual died as a icsult ol the anaesthesia 
No decid ос с in l t d m gioups 5 and 0 The l )pe ol diet and ihe phosphate 
dosage theieloie seem to be ol nnpoi tance loi the moi i i l i l ) 
O n die othei hand, the ninnbei ol inlections was laigest in gioups 5 
and 0 1 Ins mav be explained bv the lact thai in these gioups both 
ladn weie submitted to Osteotom) so that the inlection was conse 
q u e n t h often bilateml None ol the animals which showed clinical oi 
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i .idiologual с х к к і к с of in lu i io i i A\.ts med loi a m delei mmalion 
Whenevei animals wcic used loi oihei pin poses, tins was done eitliei to 
Usi appai atus and lest aii.ingcmLnt 01 to comp,η с the la lkenbeig 
de\icL лчііі the Inst ion set up \ tcu othci amm.ds weie used to gam 
an impression ol the inllnencc ol the time ol stoiagc m deepl iee/c 
T h e time ol stoiagc did not seem to be ol i m p o i u i u e \Mtli legaid to 
tensile stiength t letcimination I he in iuwi l between saoihee and 
lensde stiength lest was invaiialiK one week Hovve\ci, the lesnlts ot the 
tensile stiength test h a i d h changed allei l o n e t a m siouigc in deep 
fiee/e (9 inonths 01 longei e\en) 
Ί he condition ol the animais in g ioup r> and Ь was geneialh good 
С.юпрь 1 thiongh 1 showed an nnnnsiak iljle \\eiglit loss, winch wdl 
be analysed latci On the basis ol obsei \ations m.ide b\ the atlendanls, 
this λ\eight loss was h i g e h ехріаіпечі as due to leed shoitage Pailie-
u larh with the altalla meal the labljils weie \i\) messv aiul spilled 
laige amounts T h e .dtalla pallets on the othei h i n d weie not eageil> 
taken and csp^cinlh the pellets wnh phosphaic suppletion caused 
le luelante I he o n h d i l l e u n c e beU\eeii me.il mei pellet Iced theie 
loie, was the actual teed uptake T h e i e was no chlleience in composi 
lion, the meal having been piepaied b\ giHiding the glass, and the 
pellets b\ compiession 
Age and weight at the start ol ihe expeiiinent weie con elated, and m 
eieasmg .ige was associated with mcieasing weight in the .mimais gi\en 
tlie noimal l iboiaioix leed I KOI In diese oldei i.ibbiis, loo, a weight 
loss oceunecl when I KOI was leplaccd l)\ allaita, ibis was dcmonsliaicd 
in se\eial a n i m a b with and without an osteotomy 
In \iew ol the i.ibbiis appeal ance and oeha\ioin attci bdaieial osteo 
tom\, whicli did not ditlei h o m that attci umlatei d Osteotom) we 
may assume that it made no dilleienee to the geneial condition wheihci 
one oi both l a d n weie cut 
1 he 1 alkenbeig сіемсе λ\ is comp ne 1 w uh the J usi ι on set up at ihe end 
ol the e x p o imeni Jl was lound that, al all ^ e l s ol load, ihe balken 
I eig device indicated "> 10'
 f moie l o u e than was actuall) applied 
Since the cahbial ion was r a i n e d out o n h alteiwauls we do not know 
with ceit.untv wheihci Us lesults applied to ihe t n t n e lest ]jciiod J he 
lesulls obtained with the la lkenbeig device weie not collected 
In view ol the above descnbed obsci valions nol all the dilleiences 
between ihe gioups seemed cc|ii.ill\ mipoi iant Γοι the sake ol acciuacv 
table 4 2 0 list1» all the dilleiences obseivcd, including those which 
seemed ol minoi inteiesl 
It is oui aim to investigate ihe dilleiences between the callus loimation 
as a consequence ol ihe di l leieni спешим mees and ticatments discussed 
above and duiat ions ol iic.itment In making use ot stalisiical teehni 
tpies 
l(. 
•»ІШМАЮ 
A мп еу η gnu η ο/ tin dishibiiliuìi о) ¡abbili ovo ihr ßioii/n and 
lite lest inclhodî med ГІ>е тин bri о/ unuiuils e\< ludid fi от the 
vauom gìoups is discussed wilìi îtfeiem< lo ihr (iiusis of с liiiimation 
С ci lam obwìvalwns on the animals a)c d<sciib(d, and some slalements 
an made ιοηκ ining llu impoi lame of the diffa eine s Іхіиксп Hie 
gìoujìs llu most un poi tant diffci ( net s aie j)iesumabÎ\ IÎIOSL m l\pe 
of feed, dígite of phospliatí supplrtion, body iciighl and age flic 
appai ( nth less un poi tant di f fa ene/ s flaüU 120) a ill n(V( 11 hele ss be 
included ni litt statistical analysis 
I 2 M I G H W K AI ч т и л 
12 1 ính odile lion 
A siii\e\ ol c\.|K) in ten is comci inn« ihc iiiecli.iiiu.il piopeiiics ot (.illns 
lias .ilie.id) b e m picsLiitcil m I 1 H In (he coiucxt ol litis iiivcsii^.iiiun, 
detciimn.ilion ol tensile loicc is the best ot the inetliods In whuli .t 
villus can he iiiL'dianirall) tested (>\.іііч 1()Г)()) Moi covet adetjuate detei 
minatioii of the l iactuie sui lace aiea and theieloic ot tlie tensile 
stienglh is possible litis is of impoi tance lot piopei eompauson ol 
tesults Hencltng tests r a i n e d out with tallus antl not nial Іопд bones 
have shown that the Itatl i i ie suilacc thus obi.lined is n n p e i l e d due to 
splmiciin» 
Vs a íesult ol ilie inethod ol lixation ol the bones (lig b) onlv a shoit 
length ol the sltghllv bent laduis was (\po->ttl, ihe leiiiaindei being 
embedded m aciylu I h e slight llexuial sttess involved in n .u i ion 
undei these tiieumslanccs, amounls lo 10' ( ) ol the tensile sliess T h e 
total sticss applied to the tallus was ihctclote 10'
 (, Inghci (I'alkenbeig 
I'IGI) SiiKc v\e studied (ompaial tvc taihei than absolute values, this 
laul) conslani cuo i in luisde stienglh detei mmalion v\as ol no gieal 
impoi tante 
Once the bones wcie biokcn both l iactuie sin laces weie phologiaphed 
m gmups 'ò 1 ") and (> (Libie 12 0 ) wilh ihe aid ol the Vustophol 
(Lett/) Ί his catneia p ioduted on the iilm an intage ol ihe sin lace at an 
tnlaigenient ol about ΊΊχ, winch was laici luithet enlatged lo aboul 
1ІХ I h e s t t u t l u i e ol ihe l iaciuie suilacc could be .idecjualeh intei 
pietcd lioin this enlaigeinent I he sui tace анм was calculated vutli the 
aid ol a planimetei \ small gtaduated inlet was alvvavs ¡3ho(ogia|)lied 
with the e)b|ect, so that the ечасі tnlaigciiient was known 
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Caiehil scintili) ot the ыігіасе photogi.iplis ьію^чесі chic l i p.iils ol the 
sui face were ellective (i.e. contributed to the callus sliucturc), and which 
were not. This allowed us to cletcnnine the total and the collected (i e. 
ellective) sin tare area, as discussed in detail in 1.4. Attei deteimination 
ol the conce ted liacture suilace area, we caltulated ihe tensile sticngth 
We used six groups ol labbits, charattci i/ed ])v dillerences in ty]>e ot 
feed, degree ol sodium phosphate suppletion, age and weight at the stai t 
ot the experiment, number ol radii osteotomized, and device used lo 
derermine breaking torce. Each group was divided into linee subgioups 
accoiding to the ditrntion υ\ lieatment, i.e. the interval between the 
osteoLomy and the time ot sacrilice. A suivey ol the vai ions groups is 
piesenied in table 4.2.0. (pag 19). 
I h e lollowing \.niables u c i e ineasuied: 
a Bicaking l o n e in kg, i e. total torce letpiired to bieak the Osteotom) 
callus ol one leg by liaction. 
a, T o t a l l iacl iuc sin tare area in cm-, i.e. the lof.tl surlare aiea ol the 
"cross section" ol callus at the site ol the osieotomy. 
a., Elice t h e surlace area in cm2, i.e. the suilace area ot the callus "cioss 
section" icgarded as іеіелапі lo the ι estorci! bone linnness. 
a4 Teiisilc st iength: toice pei unit ol eftcctue suilace aic.i in kg/cm-
(a4 = α,/a,). 
a. Weight ditleicnce in kg, i.e. bod) weight at the time ol Osteotom) 
minus body weight al ihe time ot sac ι ilice. 
An osteotomy ol both radii was pei lormed in gioups Γ) and (>. T h e 
tensile strength ot both radii \v.is dcieimined. No distinction between 
l ight and lelt was made in tensile stiength lesis; a, (i = 1, 2, 3, 4) can 
therclore denote either right oi lelt, wheicas in the othei gioups it was 
alwa)s on the light radius that Osteotom) was pci lonncd. Hence a, aie 
the observations on one leg. In gioups 5 and ϋ, the mean values c, = (a, 
-J- b l)/2, with i ;= 1, 2, 3, 4, weie deterniined as well, wheie b, denote 
the coi responding obseivations on the oilier leg. Not all vanablcs a, 
weie measined in gioups 3 and I. A sui\es ol the me.isuiemcnts made 
is presented in ihe last column ol table Ί 2.0. 
/2.2. Stadstual analyns 
Vor statistical aii.il)sis we make use ol a statistical model Ί heie aie a 
numbei ol populations <2 , classiticd according to two criteria. T h e 
liist ciiterion ι elates to t )pe ol l ieatment and initial situation (index p). 
while the second ι elates to durat ion ol l ieatment (index q) λη imag­
inai) populat ion ίί is del i ned as the collection ot all i.ibbits sub­
mitted to the same higlil) reproducible treatment as those ot g ioup p, 
showing ihe same rharaciensiics as those ol g ioup p, and Heated d in ing 
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G r o u p I')pe ot leed Ca:P Age in Weight Niimbei Г\])е ol 
latió months in kg ot ladii de\ice 
Duial ion 
ot Measured 
treatment \ ariables 
in weeks 
llalla meal 1.75-0.23 1 ad modum 2-l-() a, a. 
Falkenberg 
2 aballa meal + 1.73-0.9 
POj supplement 
3 aballa pellets 1.75-0.25 
1 ad modum 2-4-() ;i a. 
Falkenberg 
1 instion 4-6-8 a,, ;i„ a,, a , a. 
a l taba pellets -f 
PO^ supplement 
1.75-0 9 1 instion 4-6-8 a., a., a., a,, a. 
1 2 .y 4 .> 
I.KOI 1.15-0.43 10 
(5 I.K.OI + 1.13-0.95 10 
I>()4 supplement 
3.5-1 
3 5-1 
instion 
2 instron 
4-6-8 aj, a.,, a,, a^, a. 
4-6-8 <i,, a,, a,, .ι,, a. 
с,, c2, с,, c4 
^ 1 able i 2.0 ( . т и р ( l i s t i ihul ion \\\lh cc)iic>])oiiiliiifç p iopc iuc- . .mil \<iiiablc> niLJsuicd 
a period q. T h e gioups of lablms ueated d in ing a gi\en peiiod are 
assumed to be random samples fiom die aboxe dclinecl populations. 
Willi regard to the measured variables a, it is assumed that, given a 
constant i, the) originate fiom normal disi i ibutions with » ns popu­
lation means, and wilh populat ion \ariaiitcs which are independent o! 
ρ anil q. Ol course these populat ion means and populat ion \aiiances 
do depend on i. Similar assumptions aie made with regard to the 
variables c,. 
T h e possible dillcrenccs between the valions gioups and subgroups in 
terms of variables measuied, aie examined. l o r this puipose, a iiunibei 
ol Student tests aie pei lormed in the case ol two samples, while in the 
case ol scveial samples a number ot one-way vai ¡ance allasses with 
conti ast studies aie carried out. 
Λ distinction is made between: a) examination ol the intluence o ! Upe 
of treatment .mil initial situation, and b) examination ol the inlluence 
of du ia t ion ol t ieatment. 
a. Examination of the inlluence oí u p e ot treatment and initial 
situation: 
T o establish the inlluence ol i )pe ot t ieatment and initial situation, 
given a constant du ia t ion ot ti calment, the lollowing Inpoihesis is 
tested: T h e i e aie no diffeiences between the gioups in terms ol a, 
respectively, c,, (in gioups 5 and G). 
On the one hand in order to ensine optimal ciaiitv, and on the othei 
hand in order to avoid superlluous text in the lollowing pages and 
tables, the hypotheses relating to the \ .niables a, will be presented by 
lormulas and indicated by symbols (a list ol these hypotheses and an 
explanation ol the symbols used aie presented on a separate page at the 
end ot this section). 
I he hypotheses to be tested toi the v.ui.iijles a , given a constant i, arc 
theretoie: 
H,1
«0 / ' ! . , = ,"24 (4 = 2 ) 
/'14 = ,"2', = /'.14 = ,"J4 = /'.V. = /'04 ((1 = 1' ,') 
,"34 = ."44 = .»ЗЧ = ."1,4 ( 4 - 8 ) 
II H.|,(U (q = 4, (), H) is lejected by the vaiiance anahsis, i.c if theie are 
demonstrable dilleicnces between the gioups, then a so-called tont iast 
stud) (method ol Schelle) is ( .mied out in oidei to establish v\hich giotqj 
ditteiences aie largely lesponsible lor (he iciection. Ί his is why the 
lollowing conti ast hypotheses are tested in addition. 
1. Groups 1 anil 2 do not differ in \.niables a,, given a constant i, altei 
a duiat ion ot treatment ot q weeks. O i : 
Η
'
1
«ί '• , 'Ί.Ι = ,"24 
2. Groups 8 and 1 do not diffei in variables a,, given a constant i, altei 
a duiat ion ol trealiiicnt ol q weeks. O i : 
H
' '«2 : ,"34 = , "44 
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S. С.юирь 5 and fi do not dillet in \aiiables ,ι,, ^¡\cn .1 constanl i, 
.ificr a d innt ion of iic.itment ot (j weeks. Οι. 
НЦ
Ч '• ,»54 - ,"ЬЧ 
4. T h e i e is no ditfeiencc in лаіі;іІ)кч a,, g¡\ei] a constant i, alte) a 
diiiation ol t iealmcnt ot (| weeks, between s'ioiips 3, 1, "> and G on 
the one hand, and gionps I and 2 on the othci ()i : 
H'1^ : 14 {Ч\ц-\- !<1<Ò = 34 ("j,, + ,"44 + /'vi + / Ό Ί ) 
Γ) T h e i e is no tlitteieiKC in \aii<il>lts .ι,, gi\cii a consi.ini ι, at ter a 
duiat ion ol t iealmcnt ot c) weeks, Ijetween gioups 3 and 1 on the 
one hand, and gioups r> and 6 on the othei Οι : 
H"-<3 : У2 (/,,„ + /,,„) - У2 0/5 l l + /,„„) 
li) testing the Inpothesis 1), '¿) and 3, thcietoie, ihe elicci ol phosphale 
su|>plc'tion is examined b) consideiing cnc iu ime t^\o (om|jaiabie 
gioups. In view of the dilleiences between g ioup 1-2, 3-1 and 5 fi, the 
phosphate gioups aie not joint!) (ompaied with the non-phosphate 
gioups. 
' I h e lesults obt.iincd in gioups 1 and 2 alone ha \o ahead) heen publish-
ed (Nollen and Bijvoet 1971). 
By lesling hypothesis 4), gioups 1 and 2 jointly aie com pai ed with the 
othei gioups. 'I his is done because groups 1 and 2 л\сіе the Inst 
gioups used and the animals wcie gi\en alfalfa meal. 
By testing hypothesis 5), gioups 3 and 4 joiml) aie com pai ed with 
gioups 5 and fi jointly. This is done in ordei lo establish a diHcrence 
in ettect between altalla pellet Iced and LKOI Rejection ot one ol the 
last two hypotheses, oi ol both these Inpotheses, cannot be d n c c l h 
asci i heel to a single cause T h e d i l l c u i u e s found can \ei) well icsult 
horn seveial influences 
b. Fxamination ol the iulluence ol duiat ion ol t iealmcnt 
Anolhei \aiiance analysis is <aiiicd out lo examine the inlluenee ol 
thnat ion ol t iea lmcnt wiilun each gioup. I h e li)])Othcses tested aie: 
theie aie no dilleiences in a,, icspettively c,, within a g ioup ρ alter the 
\aiious dinat ions ol t iealment. Foi \aiiables a,, given a constant i, the 
foi muías in question aie: 
H l
' / ' ( i : HVÌ ~ ."m = "PI, (P — ^ ~) 
/Ί.4 = ,".•« = ."PK (P = 3. л> •r>. '») 
II the Hi',,,, hypotheses aie lejecled, then a conti ast siuth is (ai lied out 
in oidei to eslablish chicl i giouj) dil leiciues aie Kugel) lespoiisible toi 
ihe ι ejection 
I'his is why \кс always examine the (|iit'stioii of dilleiences between each 
two dinations ol treatment: between shortest and medium, between 
shoitest and longest, and between medium and longest t h u a t i o n ol 
tieainieni. T h e following contiast h\poihc»cs aie theictoie lested in 
addition. 
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In terms ot a,, i c spec theh <,, tlieic is no ditlcicnce between shortest 
and medium durai ion of nea tment in groep j). Or, with legoid to a,: 
H lVi ·" /'MÍ = /'m (1> = 1.2) 
,",.4 = .«ι.β (l> = 3, 1, 5, 6) 
h i tenus ot a,, rcspeciiveh c,, theie is no diHeiencc between shortest 
and longest durat ion of t iealmenl in g ionp p. Or, with regaid to a,: 
H'V, : /',., = ,«„« (P = 1, 2) 
« 114 — ," l>8 ,. (P = 3- 4 ' 5 ' G) 
In tenus of a,, respectively t,, theie is no ditlerencc between medium 
and longest durai ion of treatment in g i o u p p. Or, with regard to a,: 
HlV., : /',.4 = . ' ' , . o ( P = 1 . 2 ) 
// I'O — ."|IH (p = 3, 4, j , (j) 
All tests are pci toimed at a level ot s ignil i tante ol 5 " 0 . T h a t is to say: 
it the tail probabilitv is less than or etpial to 5",,, then tlie livpothcsis 
is lejected. 11 the tail probabilit} is 5-H)"(,, then the li)poihesis is not 
icjected but regarded as dubious; ot the tail probability exceeds 10",,, 
then the h)pothesis is certainlv not lejected. In luluie vve use the ex­
pression „P-value" instead ot tail piobabihtv 
C.iven a constant i and c|, statements on Нч Η Ί , , ^ Η Ί , ^ , H'i, 
H'i and H'i are made at a simultaneous level ol siimilitance ot 5",,. 
This means that, in the rase ot (simultaneous) ι ejection ot one or se\e)al 
ol these hvpotheses, the piobabilitv that the icjcciion is un |ust i t ied does 
not exceed V/i}. For the Hi',, hypotheses given a constant i and p, there 
is likewise a simultaneous level ol signilicance ol 5%. 
In view ol the design and coin se ot the expeiimcnls, statistical anahsis 
is utilized heie as a means ot detection. 
1.2.3. Residís 
T h e distribution ol the labbits o\ei the \a i ious gioups and diuaiions 
ot t icatmeni is piesented in table 4.2.1. 
P/ 4 
1 
2 
3 
4 
5 
6 
2 
5 
5 
— 
— 
— 
-
4 
4 
4 
11 
11 
5 
6 
() 
(i 
5 
7 
7 
5 
S 
8 
— 
— 
7 
8 
5 
(i 
Libie 42 1 Distiibiiiion of labbir-, o\c'i the μιοιψς (p) .imi dilu­
tions of liL'.iliiicnl in weeks (<ι) 
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In some instances a small de\iation ocrins because an at tempt to meas-
ine an a, or c, variable, tailed. 
T h e lesults will now be piescnted toi cadi лаііаЬІс separale!). 
Rieakini» l o u e (\.iiiable .ι ): 
T h e means ol (he obsenat ions on a aie piesen ted loi each g i o u p in 
table 4.2.2. 
,./" 
1 
2 
3 
4 
5 
G 
2 
Γ).Γ) 
5.1 
— 
— 
— 
-
4 
7.5 
1().<) 
17.8 
19.4 
20.0 
17.8 
(i 
19.3 
20.8 
16.6 
14.1 
29.3 
31.2 
8 
— 
— 
34.6 
33.3 
43.0 
42.8 
ГлЫс 12 2. Mt.iii \alut> ol b u a k i n g Гокс (a . ) , i n c i s u x d in k<> lot 
ціоіі}:» ρ ait i ι л ( luiat ioi i oi iicalint'iii of (j n e c k s 
The coeffiiieiil of \arialion is 20-50",,. 
T h e P-\aliic's lound when testing Inpothescs ll ' i
u l (j = 0, 1, 2, 3, Τ 5) 
aie given in table 4.2.3. 
,/'ΐ 2 4 6 8 
0 > 0.10 0.05 < 0.001 0.10 
1 - > 0.10 > 0.10 
2 - > 0.10 »-0.10 ί>0.10 
3 - > 0.10 > 0.10 > 0 10 
4 _ 0.06 > 0.10 -
5 - 3>0.10 0.001 0.10 
l a h l r 12 3. 1' \alues e l ic l i i t^i ing Нч, «¡ i l i rcgaid to a,. 
When leading this table, one should Mist locus on the upper hoii /ontal 
ю н , which presents the F-valnes lound in lesiing ilie o\erall h)potheses 
H'i,^ loi 2, 1, 6 and 8 weeks. II in testing а Нч witJi q — 4, 6 ol 8 
weeks the P-x.ilue ecpials oi is less than 5",,, the group dillcrenccs 
largely responsible toi icjeclion ol iliis Inpothcsis can then be lound 
in the coi responding columns below. Once a diltcience is tound, one 
can read Imin table 4 2.2. which gioup-. show a highei, and whiih a 
louei le\el On the basis ot ihc two picccding tables, the lolloлving 
conclusions can be presented. 
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1. In none ot the durations ol t ieatinent is an etlect ol jjliospliate on 
breaking lorce demonsiraUe 
This lollows h o m that the P-salncs loimtl in testing Нм^ and Нч, 
H'i„, and H'i.y with q = J, (i, 8, invai i.ihh exceed 10",,. This means tliat 
no dillercnces aie loiind between groups 1 and 2, gioups 8 and 4, and 
gioups Γ) and fi. In other words: with neither of the two tvpes ot feed 
oi calciiini:phosphoius ratios did phosphate suppletion in the doses 
indicated have a demonstrable ellect on callus stiength. 
2. Altei a chuation ol t ieatnieni ol 4 weeks, there is ptobabl) a diller-
ence in hi caking foice between gioups I and 2 on the one hand, and 
groups 3, I, j and fi on the other (tested. H'i„4). T h e values in groups 1 
and 2 are substaniiall} lower. It is unlikelv that this dillereiice could 
be explained h) the dUiercnce in test device used, toi the Falkenberg 
device has been lound in retiospect to indicate a lore e which is 
5-10% highci than the aciual load. '1 he dilleiences indicated aie 
theietoie pmbably smaller than ihey weie in lealitv. Piobahlv it is 
indeed the tact that allaita meal was led that largel) explains the lowei 
values m groups 1 and 2. Altei a duration ol ti calment ol fi weeks, 
howevei, there is no demonsti.ible ditierence: this is pcihaps clue to 
the hut that bieaking l o u e values alte: (> weeks were excessively 
low in groups 3 and 4 as a íesult ol special ci icumsiamcs (sec vaiiable 
a4). 
3. Altei α duia t ion ot i ieatment ol fi weeks, <i dit leicnce is demonsirable 
l^etvveen gioups 3 and 1 on the one hand, and gioups 5 and (> on the 
other (tested: Η Ί )• 
'1 he impression gained is in favoni ol LKOI tieatinent, but leseivations 
must be made in view ol dif lei enees in othei conditions. 
With a duia t ion ol treaimcnt ol Η weeks, no signilicant dilteience is 
found between gioups ,3 and 4 on the one hand, and groups 5 and fi 
on the other; nevertheless theie is a suspicion in lavoui ot LKOI again. 
T h e P-values found when testing hvpotheses Hi1,;, (j = 0 , 1, 2, 3) are 
piesented in table 4.2.4. 
,/" 
0 
1 
2 
3 
1 
< OOOl 
> 0.10 
0 001 
0.005 
9 
< 0.001 
> 0.10 
< 0 001 
0.003 
3 
< 0 001 
> 0.10 
< 0 001 
< 0.001 
4 
< 0.001 
> 0.10 
< 0.001 
< 0.001 
5 
0 03 
> 0.10 
0.03 
> 0.10 
6 
< 0.001 
0.03 
< 0.001 
0.07 
T.iblc ^ 2-I Рлаіисі v\lieii liMing Hi' vwth іецані to л
І 
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Intelpict.itioii of tables 4 2 2 and 4 2 4 wanan t s the lollowing con 
elusions 
1 T h e hypothesis ol ec]iialit\ ui t l i in the Ì>IOII))S allei 2, 1 and 6 weeks 
is lejectetl SperihcalK (tested Hi^,), theie is .ι maiked ditleicnce in 
l)icakiiii> l o u e between the shoit dinatioi i ol t ieatment (2 weeks and 
1 weeks, icspeetivcly) and the longest d iuat ion of t ieatnient (6 weeks 
and 8 weeks, iespcrii\cl\) 
2 Thi s chfleience is explained loi the most pail b) .in i n o ease in bieak 
іііц l o u e between 4 and b weeks and between (> and 8 weeks, lespecmely 
(tested H' ,
 ì ami Hi ; , ) 
'5 \ conspitnous ІПНІІПЦ is a slight (not s^ni l ieant) di ininution of 
bicaking foice between 1 and h weeks in gioups S and 1 In all othei 
gioups thcie is a (usual!) s igniluani) inoeasc d in ing this peiiod 
SUMMUU 
hi іеітч of bifaking foice Iheic is ηυ signifuanl diffac nee he 
lii'/en llit ¡yliosphah and llu поп ріючрііаіс gìoups But dijfnences 
do c\isl, ir/udì unni be uuidnd to typt of fetd and inititt' silualwn 
Ullunattly, all gioitps show a sigmfitanl intitast in bieakmg foire 
with ineictmng duialion of ht aiment llu most eonstanl tnneast in 
Incahino folte, tinti the hight st Taints, tnt attauud m gioiips 5 and 6 
whith tomibt of older tinnntils givt и / А О / flit) tliffti from the 
youngti anuntils, »wt η alfalfa, m whith tin brtaknio fout shows a less 
tonstant mtutist with intitasing durtilion of tuatmt nt 
Fr.tetine surface aiea (vanable a,) 
T h e mean \ allies lot (h acinic) sin lace aieas allei bieaking ol the callus 
are piescmed in table 12 5 
,./" 
^ 
4 
5 
b 
4 
0 2Г-І 
0 282 
0 271 
0 288 
b 
0 177 
0 175 
0 248 
0 254 
8 
0 188 
0 177 
0 229 
0 242 
F I I Ì I L 4 2 "I M i a n \ a lues ol f r u i u i L ми face a iea (a,) 
in tasu icd in t n ' f(»i « io ips ρ affo ι rlciiation oí rieal 
ηκ ni ol o weck*» 
Due to a leclmical iinpcrleciion, these values weie not detenninecl in 
gioups 1 and 2. T h e coellicient ol variation is \<)-'M)0
v
. 
T h e P-values lound when testing ІІч,,, (|
 =
 0, 2, 3, 5) aie picsented in 
table 4.2.6. 
j/'i 4 6 8 
0 > 0.10 < 0.001 < 0.001 
2 > 0 . 1 0 > 0.10 » 0 . 1 0 
3 > 0.10 > 0.10 > 0.10 
5 > 0.10 < 0.001 < 0.001 
J alile Ì'¿At. I'-values и lien lesimg Η·ι u i i l i І С Д Л К І 
til .1, 
ТІісье d.ita w a n a n t the lollowing conclusions. 
1. T h e i e is no demonst iahlc difleiciuc in callus l i . u t i n e sin lace aiea 
hetween the phosphate and the non-phosphate «mups. 
2. After a durat ion ot iie.itniciu ol 1, 6 and 8 i\eeks, the sin lace area 
in groups given allulla is smallei than that in gioups given I,KOI, but 
at 1 weeks the ditlerence is not signiiicant. i h e leason tor this (annot 
be established with certainty, but the age di l leienre is probabl) in-
vohetl. Foi the si/e ol the callus cross-section is deteimined IJ) the shall 
diametei and the size ol the haematoma alter Osteotom). In )ounger 
animals the shall diameter is smaller. 
Table 1.2.7. shows the P-vallies found when testing ihe hvpotheses 
concerning durat ion ot tieatmeiu. 
i/i' 3 4 5 6 
0 0.07 0. OOG > 0 . 1 0 0.08 
1 > 0.10 0.02 > 0.10 > 0 . 1 0 
2 > 0.10 0.02 ><).H) 0.10 
3 > o.io > o.io a> o.io > o.io 
Tabic 127 Γ value-· when icMnif; Ни u n i i κ'ς.ικί lo , ι , 
These data warrant the lollowing conclusions. 
1. All groups show a decrease between 1 and fi vsceks, but this deci ease 
is signiiicant onl) in the group given altalla with phosphate suppletion. 
2. No significant change occius between 6 and 8 weeks. 
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litfective sui face area (variable a 3 ) : 
Detenninai ion ot ilic corrected, i.e. ilie сііесііле sui lare aie.i will be 
disnissecl in detail in sertion 1.4. Heie we piescnt only the anahsis ol 
the lesults. 
Піе mean \alues ol \ariable .ij are presented in i.ible 1 2.S. 
„/" 4 G 8 
0.1 fiO 0.179 
0.151 0.1ύ2 
0.200 0.208 
0.212 0.220 
Ί «ihle I-! S Menu Х Л І І Ю of c l l e t i n r ми face а и м (a,) 
iiic.iMiicd in ( m - loi gioii |)s ρ allei a d i i i a l i o n ol l ical-
mciil of q u c c k s 
TIic rocll ir ient ol \ aria lion is 10-1Γ)"
ο
. 
T b c I'-values lound when lesiint» Η Ί , ( | (j = (), 2, .S, 5) are prescnicd in 
tabic 1.2.9. 
,/ч 4 6 8 
0 > ΟΛΟ 0.02 ΟΟΟΓι 
2 > 0.10 > 0.10 • 0.10 
.4 > 0.10 > ΟΛΟ > 0.10 
5 > 0Λ0 0.02 0.01 
ГлЫс 1 2 ' ) l v a l u e s « l i e n icstmg ' " ' Ί , , , U I I 1 I ι «ça id 
l o .1 j 
These data wairant the tollowing ronclusions. 
1. There is no demonstrable dil leicnce in e l lec ihe (alius sulfate area 
between the phosphate and (he non-phosphaic gioups. 
2. Altei 1 weeks ol treatment theie is no demolisti able dillerencc be-
ι ween groups 8 and 4 ami gioups 5 and <i: but allei (i and 8 weeks the 
etlective surlace .uca in the all.ilia gmiips is signilicaiuly smallci than 
thai in the LKOJ gioups. No inlluence ol d iuat ion ol i icainient on the 
elletti\e sin lace .uca is obscned. 
ri ie P-values lound when testing the Hr, , hypotheses all exceed ] 0 " t . 
"Ihis has not been tabulated. 
Comparison ot the total sin hue aiea icsults with the e l icerne area 
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3 0.180 
1 0.181 
5 0.171 
6 0.210 
results reveals a similar di Hei enee between groups 3 and 4 and groups 5 
and 6. But the eftective surtace area shows a much less marked decrease 
in lelation to du ia t ion of treatment. In [act it seems as il the tat io 
between effective surface aiea and total sin lace area incieases with 
increasing durat ion ol t ieatment. T h e reasons lor this dilteicnce and 
the e\olution of the cioss section and the t iacluie sin lace aiea will be 
lurther discussed in section 1.4. 
fensile strength (\.niable a 4) 
The vaiiables a4 aie the most inteiesting (a, = ίΐ,/α,). This is a more 
exact measure of the tensile sirengih ol the callus because bieakiug 
l o n e is related to unit ol e l lee lhe and not total sin face aiea. T h e mean 
\aines ol a4 aie piesented in lable 4.2.10. 
,./" 
3 
4 
5 
G 
1 
101 
101) 
118 
86 
β 
ЮГ) 
95 
14(i 
148 
8 
193 
208 
20Г) 
205 
I «іЫг 4 2 10 Mt.ni l a i n e s ol Icnsilc -.tiuiglh ( a ) 
i n c l i n e d m kg/cm- fen g ioup· . μ alici a ( l inal ion ol 
l) t a n n e n t of (| uecks 
T h e coefficient of \aiialioii is 10-40^,,. 
T h e P-\aIiies tunnel when testing Нч^ (j
 =
 0, 2, 3, 5) aie piesented 
table 4.2.11. 
>/" 
0 
2 
3 
5 
4 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
f) 
0.02 
> 0.10 
> 0.10 
0.02 
8 
> 0.10 
> 0 10 
> 0.10 
> 0.10 
I alilr 12 11 I'-xalue-, U I K H le t t ing Нч «ir l i legai il 
lo a,. 
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Interpretat ion ot these two tables leads to the tollowing conclusions 
1. The re is no dcinonstuible dit leience ¡n tensile sticngth l)etweeii phos-
phate and non-phosphate gioups. 
2. Onl \ after 6 weeks do gionps '5 and 4 show a signilicantly Іол ег 
tensile sticngth than gioups J and fi. 
C o m p a u n g these lesults with those concerning iij, we find that tlie 
tlilfeiences between groups Ά and 4 and gioups 5 and (i have become 
smaller alter 6 weeks. Altei 8 weeks theic is no longci a m indication ol 
a diflerencc. DiKeiences Ii;i\c been levelled In lelating bieaking lorce 
to unit of elfective sui face aica. This elimínales the possibility that 
diffeicncc in age, bod) weight and Upe oí feed have a lasting cilect 
on tensile strength. 
Ol any inllueiice oí age which may have been expiessed in pievious 
vaiiables ihrough a loner bieaking loice and a smaller callus cioss-
section, no trace К lelt aftei 8 weeks ol treatnieni. 
T h e Рлall ies lound when tesiing Ηΐγ,, (j = 0, 1, 2, .'5) aie presemeli in 
table 4.2.12. 
¡/i' 3 4 5 fi 
0 < 0.001 < 0.001 0.02 0.001 
1 > 0.10 > 0.10 > 0 10 > 0 . 1 0 
2 <€0 001 < 0.001 0.02 0 004 
3 < 0.001 < 0.001 > 0.10 > 0.10 
I alile 4 2 Ì2 IM.ihirs »hen UMiiiq Hp unii ugaid lo ,ι, 
Comparison with table 4.2.10. leads to the lollowing conclusions. 
1. Λ11 groups show a signilicanl increase in a4 between 4 and 8 weeks. 
2. Thi s increase is p a i t k u l a i l y manifest between 0 and 8 weeks. 
Compaiison of a4 with a, in relation to durat ion ol t icatnient generally 
leveals a similai behaviour. T h e only somewhat conspicuous Icature is 
found in the relatively low values ol a in gioups 3 and 1 alter (i weeks 
of treatment. We lind that in group 3 the (not signilicanl) decrease 
between 4 and 6 weeks tuins into a slight (not signilicant) inciease, 
although the tensile sticngth remains lelalivcly low alter 6 weeks. It is 
dilficult to explain this low tensile strength. Analysis ol ihe a. icsulis, 
foi example, shows that this phenomenon cannot be explained on the 
basis ot additional weight loss. 
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Weight dit [ei enees (\.ui<ible л.). 
T h e me.m \alues oi weiglu dilieiLiicLs <nc jHcsinied in i.ihle 12 13 
,/' 
1 
2 
3 
4 
r) 
6 
2 
- 0 S2 
- Ü 36 
— 
— 
— 
— 
4 
- 0 45 
- 0 10 
- 0 25 
- 0 44 
- 0 02 
- 0 12 
6 
-0 75 
- 0 80 
- 0 11 
- 0 70 
4- ο Ου 
-f 0 01 
8 
— 
— 
- 0 20 
- 0 86 
+ 0 18 
- 0 02 
І л Ы е l i l i \1<ліі \.ilii(s of u u n l i i i l i l f i iei i tc (a.) m e a s m e d in kg 
loi gioi ips [) . i lu i .1 ( lu i JUon ol i i inl i i ienl ol <[ н с ( к ^ 
'Hie s iandaid dcM.iiions i.mge liom .ihout 0 1 lo 0 3 kg 
T h e P-\,ilues iound whin lestmg Ни,, (]
 =
 0, 1, 2, 3, 1, 5, 6) aie picseiu-
cd in table 12 11 
< 0 001 
> 0 10 
0 05 
> 0 10 
0 07 
< 0 001 
< 0 001 
> 0 10 
0 001 
> 0 10 
< 0 001 
< 0 001 
< 0 001 
— 
< 0 001 
> 0 10 
— 
< 0 001 
0 > 0 10 
1 
2 _ 
') 
4 
InlWe 4 2 N I' »allies « I n n i t s l ing I h «irl i l e g a u l t o a 
T h e lol loumg conclusions can he toi med· 
1 ' l l ie ie is an unniistakahle weight loss in all gioiips except gioups 5 
and (> 1 hese ueiglii losses must be л sci ι bed to the t\pe ol teed used 
Pai t icu la ih allaita meal, and altall.i pellets vuth phosphate siippleiion, 
caused a 'weight loss 1 lie weight loss is p m b a b h not dependent on the 
initial weight, noi on the age. bee anse in m a m cxpenmcnis with oldei 
ι ablins a weight loss was likewise o b s u m l when the usual l aboia ton 
leed L K O l was leplaced In altall.i Oldei ial)bits g n c n allalln with 
phosphate suppletion also showed a substantial weight loss 
2 Phosphate suppletion with altalta pellets causes a signitunntlv gieatci 
()0 
weight loss Tins docs not a p p h to phospliaic supplciion svilii nlfalla 
meal 01 with LKOl 
3 The weight loss in gioups I and 1 sigiiihcantl) exceeds th.it m gioups 
3, A, 5 and (), Hilhin the lasi toni giOLijjs, the weight (hange in gioups 
4 and 1 dilleis significantlv fioni that m gioups 4 and fi 
Thcie lotc , a l though pliosph<uc supplelion oi matleipiate feeding can 
cause a weight loss, we o h s e n c no dbi inct (onel. i i ion hctween tensile 
stiengih and Aveight change (see, loi example, gioups '5 and 4) Pooi 
leethng a p p a i c n i h his no unsqunoca l cllect on callus icstoiation 
The P\ahies tound А\ІНП testing I l i ; (| -- 0, I, 2, -i) aie picstnicd in 
table 12 15 
V" 
0 
1 
9 
3 
I 
0 07 
> 0 10 
0 10 
> 0 10 
2 
0 05 
> 0 10 
0 07 
> 0 10 
3 
0 08 
>010 
> 0 10 
> 0 10 
4 
< 0 001 
0 03 
< 0 001 
> 0 10 
r) 
0 01 
> 0 10 
0 01 
> 0 10 
() 
> 0 10 
> 0 10 
• 0 10 
> 0 10 
I a b k 1 J. 1") I' \ IIIKS u l u η ((.»ung Πι u i t l i i c g m l lo ι 
I m a pi elation ol tables 12 13 and 4 2 1") wai iants the coiuhision that 
gioups 1, 2 ami 1 show a detieasc (icspee l u c i ) , a signilicant decitase) in 
bo(h weight between 2 and (> weeks icspecmcl) between 1 and S weeks 
G i o u p 5, howe\ei, shows a s igmluant weight gam beUveen 1 and S 
w eeks 
Considenng weight in ι elation to te usile siieiigili, we obsei \e an inciense 
in tensile stiength despite α iveighl loss in ihc allalla gioups 
Results сипа ι mng Ihc mmabks ( 
As pointed out in subsection 12 1, the lesults loi ihc two indu sub 
muted to oslcoioim in gioups j and 0 wcie a\eiagcd Illese a\ciagc 
\alues, induaiecl as t,, ha\e likewise been anahsed 
In MCW ol the lact that twice as man) measiiicinenis wcie made the 
picdiclion was that the s landaul de\iatioii ol the c, v.ilues would be 
smallei than that of the а, л nines, so that s\stematit dillei cures roukl be 
louiul easiei Нол с еі, no new conclusions could be loimecl 1 he icsulls 
aie the lollow ing 
fil 
1 Pliosplicile ыіррісіюіі bas no (.Іеіпоіыіable e l t c d υη the bicaking 
loice of ilic callus OÍ iJie tensile stiength 
2 lîieaking foice and tensile stiength intie.ise sigmlicanth \Mtli an m 
ci easing cluiatlon of ti calment 
3 Toi none of ilie dilleicni dinat ions ot ueat inent is an\ dilteiencc in 
lotal Itactuie sui lace aie.i and ellcciive sulfate a i t a demonstiable be 
tween gioiij)s 5 and b 
4 ΛItei longei tie.itment, ilic total І і . к і ш е suil.ice aiea tends to de 
crease, this is not the case with the eltecii\e ми lace aiea 
SLMMARV ОГ RLSl I IS ( ONCI RM\(. \ VR1\B1IS a, \M) c, 
IVillun lh( vuxo'is g)oup\, jiliosjihalc ^ii¡>j)lt Ιιυη lias na (ImiiomliubU 
effrd on I he к utils m tciiiib of ICIISIIÍ slienglli and ftathnc siufaa 
mea Rrsnìts m tctiiis of biealung fouc, total fairtme suifaa aiea, 
effective sin fare ака and weight difjetenre in olda animals fed 
LkOI aie gene) all} moie favoni able than th< < oiu spondmg vahus m 
youngei animals fed alfalfa 
The roncctions applied to the bieakmg foire values by iclalnig tliein 
to tlie effectnx un face aiea, aw of fimdaniental iinpoi lance ¡he 
(ouedion levelled <eitain diffaeiues in bieakmg fouc whu/i initially 
seemed to have no explanation e\(ipi diffi i enees m age and type of 
feed aftei S iverhs of tieatnient tlnie aie no longa any significant 
diffeiences in tlie values of tensili stiength Піпс is an uninistakable 
mi lease in tensile stiength trilli intieusing duiulion of lieatinent The 
total sinface aiea lends to shore a degue of decieaie tritìi moeasing 
duuilion of healmenl ГІіе effective sitifaic mea lemains vntually un­
changed between I and Л' weeks 
Only m the gioup fed alfalfa pdleh does phosphate suppletion came a 
и eight loss which is significant and continui s as iieatment continues 
It is nol possible lo demonshate an uncqmvoial conclaticm between 
iliffeiemc s m acighl changes and diffaenm m tensile stiength 
An analysis of the uvei age c, values jails lo lead lo new conclusions 
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LIST Ol· mPOTHtsrS IbSiri) IN SIBSl ( HON 1 2 2 
a Exammution of the uifluauf oj lypr of luatmait 
H>potlicses Н ч 0 (j = Ü, 1, 2, S, I j , »i =_ 2, 4, 6, 8) 
Hypothesis 
1 = 0 H·:,,, / . , „ = „ _ „ , (q = 2) 
"U = ">, = " j , = "4 1 = »5 1 ~ «li, ((1 = '4'()) 
"i.l = "4M = "öl = »ü, (Ч = 8 ) 
" i l = " J 4 
/ ' ì - l = "4 1 
J = 1 
1 = 2 
1 = 3 
J = 4 
1 = 5 
H ' 4 
Н'.
и л 
H i . , 
H'i„ 4 
нч 
" 5 4 = " « ' . 
И ( 'Ί . ,+ "-.) = 34 ('',., + ,»4„ + 
Vi (j<ï4 + "4.l) = И ("54 + "(,.,) 
."-.„ τ а.. 
I) Exainmation of l/ie inflinnxt of dintittoii of healmciil 
H\jjotliese< 
Hypothesis 
, = 0 
I = « 
J = 2 
1 = s 
- Н Р / ; 
H'Vo 
»" . . 
H ' ^ 
H " f J 
(1 — 0, 1, 2 '5 ρ = 1, 2, 'i, 1, 3, (ι) 
/'pj = ,"ι.4 "= "MI. (P = l' 2) 
-",.4 = / Ί * = »Mb (P = "*. J. 5, fi) 
» „ ^ " P i d ^ l · ^ 
/'P4 = »PI, (P = 3, i 5, 0) 
/Ί.ί = Л І И , ( Р = ь г ) 
'Ί.4 = «PH (Ι 1 = ''• ^ 5 ' 6 ) 
" P 4 = " P Ü ( P — 1 > 2 ) 
=
 і(/ |)Ч (ρ = 3, 4, 5, ()) 
Ь^ MBOLS LSbl) 
FI'i^ · Inpolhesis on mlliiencc t\pc ol iie.itincni 
IIi^j Inpotlicsis on infhientc d n n i i o n ot t ieaimeni 
index ρ ι elates io the t\])e ot t ieaimeni (p = I, 2, 3, 1, 5, 6) 
index (] . indicates ιΐκ d i l u t i o n oí t ieainient ш 5\eeks (q η . 2, 1, (>, 8) 
index ] indicates ihc Inpothesis (j = 0) oi conti ast Inpothescs (| — 
1, 2, 4, 1, )) lasted 
/(, , poj)iilalion me m telateci to the μιοιιρ ρ u uh a d iuat ion ol 
t iea tmcnt ot q weeks 
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4.3. HISIOIOGICU. MLDY 
1.3.1. IntìodiHΙιυη 
llistolo»if.il bcrtions wcic obtaiiiecl h o m 72 labbits, clisiiibutctl u\er ι hu 
\;iiioiis groups as sliown in u b l e 4.1.0. (sec also table 4.2.0.) T h e gioiips 
were diviilcd imo sub^roups accoiding to die durai ion ot l ieatment. 
Sections u i l h a thickness oí О и wei e (ut ι h rougi ι the callus along the 
length of the bone. 'I lie sections wcie stained according to Goldner as 
modilied b) Schenk (1909). In these stains, mineralized bone slioivs up 
gieen, cartilage pink, and conneciixe tissue and \essels, icd. T h e sections 
wcie examined by a pliotomicioscope II (Zeiss) and measuied with the 
aid ol a Micro-Videoinat (Zeiss). As .shown in the block diagram below, 
the colour diilerences (intensilied by means ot tilteis) aie convened into 
a high-contiasl black and white image. I his image is scanned along 
pai allei lines b) a "spot", thus detei mining the valions gre\ strut lui es. 
The iiucnsii) ol the positions of the stnictiucs as indicated on the lines, 
is amplified and < o m e n e d into potential f i l i a t ions 1 hese potential 
vaiialions aie used in disci iinination. T h e aiea peicentagc is piopoi 
lional to the time taken In the scanning spot to нал eise a cenain com-
ponent part ol the specimen. A higher-contiast image (black and white) 
appeals on the displa) and a dial on a g iaduated scale indicates the 
sui lace percentage ol disui ininaied component parts ol the microscopic 
specimen. 
Г" " " 
ι 
ι microscope 
I 
I - J 
I filter I 
\ 1 
1 s p e c i m e n | 
d a t a 
handl ing 
s y s t e m 
d i s p l a y 
* Ί 
r- - - I 
I 
ι indicator 
Opeiation.il Mods (Іі.іці.іпі ol tlic ріихопікні^скрс II i/ciss) .nul ilic im< io-\ nleom.u 
(/riss) 
T h e microscope, the sci ecu and p a n ol the otltei appai a tm aie shown 
m fig. d. 
This appaia lus w.ts used, to measiue, at li\e dillei enl sites m at least Ioni 
specimens, the suiiace jjeiccnt.tgcs ot bone, cattilage and othei stitu-
tures, without including shatt p a n s and ¡ n e l e \ a n t s inutures ¡η the 
same enlaigement. Y>\ meastuing at live di l le ient sites, virtually the 
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bigine (l. Cenerai view ol the pliotonutioscope li (Zeiss) and the Miuo-Videoniat 
(Zeiss), in tliis case demonstrating a specimen in Ыаек and white areas. The surface 
percentages of white and hlack can he read from the graduated scale on the right 
below the display. 
entire callus (peripheral as well as intramedullary) was covered. The 
method is sufficiently accurate to give reliable values about the distri­
bution of the structures in a callus. Because the specimens measured 
were taken at random, the surface percentage measured is an unbiased 
estimate of the volume percentage (Elias 19()7). 
The weight differences between the rabbits were also calculated and 
analysed. 
Summarizing the following variables were examined. 
x,: percentage of non-mineralized connective tissue elements in the 
callus. 
xä: percentage of cartilage in the callus. 
x3: percentage of bone tissue in the callus. 
x4: initial weight minus weight at the end of treatment, in kg. 
(iö 
χ iiicasiirenients wei e іюі carried oui in л lew cases in gioiips 1 
and 2. 
No measurements wei e made on histological section troni rabbits in 
the groups given L k O I leed. T h e quality of the histological material 
WAS such that the specimens were generally unsuitable lor quantitative 
analysis. Gross compaiison, however, re\caled no dillerences between the 
sections I rom the LK.01 groups and those h o m the other groups. 
i.j.2. Statistital unulysis 
O u r interest locused on possible dittciences in the vaiiables measuied 
between the \arious groups. For this puipose, use was made ot statistical 
models, Student tests and meihods ol vaiiance analysis \\ith contrast 
studies, analogous to those described in subsection 4.2.2. 
Distinction should be made between: a) cxaniinaiion ol the inlluence ol 
type ot ireatmeni, and b) examination ot the intluence ol durat ion ol 
treatment. 
a. Examination ot the intluence ol type ol ti calmen l 
T h e hypotheses tested arc: the groups do not ditlei in ihe x, (i = 1, 2, 
3, 4) atler a durat ion of treatment ot q weeks (q = 2, 4, 6, 8). Lei «,„, 
be the populal ion mean ot one \aiiablc in giouj) p, treated during q 
weeks. Given a constant i, the abo\cmeniioiied hypotheses are lepresem-
ed by the lollowing tormulas. 
H 2
a o
 : //,., = fi.¿., 
H
'
1
"n : Ліч = /'-г.. = ,"зч = IUn (cl = ] ' f') 
IT. „„ . ii.iti = / i 4 s 
Next, the lollowing contiast hypotheses aie tested loi q = 4 and (i. 
И ,"·(.[ + ,"іч) 
Vi ("2 1 + ,"іч) 
(A lisi ot these hypotheses and an explanation of the symbols used aie 
presented on a separate page at the end ot this section.) 
"1 he contrast hypotheses Нч, and H'i,,., aie tested in orde: lo examine 
the influence ot phosphate suppletion toi the i\\o types ol teed sepa­
rately. Contiast hypothesis Нч is tcsied in older lo examine the in­
fluence of the two types ol teed iegai'dles-> ol phosphate suppletion; it 
focuses on whether there is a di ! lei cuce between allaita meal and alfalta 
pellets. Hypothesis Нч„4 is tested in oitler to examine the inlluence ot 
phosphate suppletion legardless ol type ol teed. This test seems usclul 
in this case, because a tundamental ditlei enee between pellets and 
meal cannot be expected in advance, and because the other experimental 
conditions do not diltei. 
H % 
H V , 
" > . ! 
Л (,"l„ + ,"2.,) — 
Λ (/'κι + ,"ч.і) = 
G6 
b. Kxaiiiinalion of llic intluence ol dii ial ion ot t icainicnt 
Tl ic hypotheses tested aie: л иііін a given group ρ, tliere are no diller-
ences in the x, alter dilferent durations of treatment. Given a constant 
i, these hypotheses can be represented b) the lollownig tormulas. 
H lVo ,"|.i = ,"P4 = ,'Ί.ο (Ρ = ' ' 2 ) 
,"|.J = ,"P6 = /Ί.8 ( P = 3 ' ' J ) 
In addition lollowing conesponding contiast Iiypotlieses are tested: 
H l Vl ,"P2 = /Ί)4 (Ρ = ' ' 2 ) 
/ΊΜ = /'pe (Ρ — 3> 4 ) 
HIV;., ,l¡i3 = ,,„„ (ρ = Ι, 2) 
,"Ρ4 = ,"|>Η (Ρ — :'i> '1) 
Η Ι
Ϊ ' ; ) .«,..---,«.,ϋ (Ρ = ь 2 ) 
.'Ί.ο = ,"РЬ (Ρ = •'{' 4 ) 
These hypothèses aie used to establish, successivclv, uheihei iheie aie 
dilleieiices between: short and medium, shoii .incl long and inediuin 
and long durat ion ol ireatinent. 
•f.3.3. Results 
T h e distribution oi the rabbits over tlie various gioups and durations 
of t icatniem is presented in table 1.3.1. 
,./" 
I 
9 
3 
4 
2 
Ί 
4 
— 
-
1 
5 
4 
6 
5 
6 
4 
5 
5 
4 
8 
_ 
— 
4 
4 
I iilili' -I :i I 1)ыі IIJIIIKIII ol іаЫль o\ei llic giiiups ρ af tei dui.mous 
of (ΙΙΜΙΙΙΚΊΙΙ of (I \\L4'ks. 
T h e lesults obtained lot the various vaiiables v\ill now be piesented 
sepaiaieh. 
Peicenlagc of non-inineiaJi/ed connettive tissue elements in the callus 
(vai ¡able xj: 
' I he mean values ol x[ aie presented in table 4.3.2. 
fi? 
,,/π 2 4 6 8 
1 
2 
3 
4 
52.2 
52.5 
— 
— 
Зб.б 
3fi.5 
3C.7 
40 0 
24.8 
27.4 
24.6 
27.2 
— 
— 
19.8 
21.2 
ГаЫе 4.3 2 Мели values ol pei rentage of non-mincialized (onncitivc 
(issue elements (\ ) ineasuied loi gioups ρ allei a cluiatiun of lieat-
ment of q weeks 
T h e coefficient of vaiuiiion langes from about 10'^, to 30^(,. 
T h e P-valucs found when testing the Η Ί [ 0 hypotheses (j = 1,2, 3, 4) are 
all > 0.10. 
No difference in percentage ol non-mineialized connecti\e tissue ele­
ments is therefore demonsiiablc between the \aiions gioups. It ina\ 
be concluded that phosphate supplction exerts no marked influence 
on the amount of non-mineralized connective tissue. Nor is it possible 
to demonstrate a distinct difference between alfalfa meal and alfalfa 
pellets in this lespeet. 
T h e P-values louncl when testing the Hi^, hypotheses (j — 0, 1, 2, 3) 
are presentctl in table 4.3.3. 
j / 4 
0 
1 
2 
3 
1 
< 0.001 
0.009 
< 0.001 
0.04 
2 
< 0.001 
0.004 
< 0.001 
0.06 
3 
< 0.001 
0.008 
0.001 
> 0.10 
4 
< 0.001 
0.009 
< 0.001 
> 0.10 
Table 4 3 3 1'values when lesling Hi>„ with legaul to Xj 
Interpretat ion ol tables 1.3.2. and 4.3.3. leads to the follow ing con-
clusions. T h e percentage ol non-mineiali/ed connective tissue elements 
decreases (as a rule signilicanily) as callus age increases. T h e deci case is 
maximal between the shortest and the medium durat ion ol treatment, 
part icularh between 2 and 4 weeks. Only between 6 and 8 weeks is 
there no longer a m significant diffeieiice oi sign suggesting such a 
difference. 
Percentage ol cartilage in the callus (variable x.,): 
The distribution of the mean values lor the peiccntage ol cartilage is 
shown in table 4.3.4. 
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9 
22.0 
24.0 
— 
_ 
4 
11.0 
2.0 
7.7 
8.4 
6 
2.2 
1.0 
2.2 
3.0 
lable 4.3 4 Me.in willies ni peueiilage ol caililagc (\,) nicasuied loi 
gioups μ allei a diiiauoii ut tit'jtment of q weeks 
The standard deviation lor q = 2 amounts to 5; the other standard 
deviations are generally ol the same order ot magnitude as the means. 
T h e P-values found when testing Нч^ (j =10, 1,2, 3, 4) aie presented in 
tabic 4.3.5. 
,/'ΐ 2 4 6 
0 > 0.10 0.07 > 0.10 
1 - 0.07 > 0.10 
2 > 0.10 > 0.10 
3 > 0.10 > 0.10 
4 - > 0 . 1 0 > 0.10 
I able 4..'! Ι I'-valuo when tcstiiif; Hiif Willi legaul Lo 
H s „ 0 could not be tested because both means and both standard devia­
tions have values 0. Inteipretat ion of tallies 4.3.4. and 4.3.5. leads to 
the following conclusions. 
1. Tlieie is an indication that phosphate suppletion in the alfalfa 
meal gioups causes a smaller percentage ol cartilage, at least alter 4 
weeks of treatment. Generally, therefore, phosphate suppletion lias no 
distinct cflect on the a m o u n t of cartilage in the callus. 
2. Comparing both groups with phosphate suppletion with both control 
groups, we lind no indication ol an influence of phosphate on the per­
centage of caitilage even alter 4 weeks. 
3. Regardless of phosphate suppletion, the type of teed (pellet or meal) 
exeits no (listinet inllnence on the a m o u n t ot caitilage. 
The P-values found when testing Ні>
л
 (j = 0, 1, 2, 3) are presented in 
table 4 З.О. 
0.0 
0.0 
69 
J/P 1 2 3 4 
0 
1 
2 
3 
0.002 
0.01 
0.002 
> 0.10 
< 0.001 
< 0.001 
< 0.001 
> 0.10 
< 0.001 
0.001 
< 0.001 
> 0.10 
0.003 
0.04 
0.004 
> 0.10 
' l i ib lc 4 4 (> 1' values « h e n ic i l ing H I J , with icgaid to \', 
These lead lo the following conclusions. 
1. T h e pcicentage ol cuililage slious a deci ease (oltcn signi t itani) as 
the duiat ion ol t ieatmeni incieases. 
2. T h e gieatest decrease is that between the shoitest ami the medium 
duiat ion ol tieatineni. 
3. Vltei 8 weeks of ticatinent, (artilage is no longei lonnd in ilie tallus. 
It should he pointed out that the icsults ot tests in groups 3 and 4 aie 
not likely to he vciy leliahle. T h e population variantes tor these groups 
are probably veiy small alter 8 weeks ol t ieaiment, and peihaps may 
even equal 0. Howe\ei, gmssh ihc sanie icsults arc obtained when the 
hypotheses, th.it theic aie no diltciences between duiat ions ol t ieatmeni 
of 1 and Γ) weeks, and between ü and 8 weeks, arc tested In means ot the 
Student and Welch (oi Wiltoxon) tests lespectivcly (P-xalues foi g ioup 
3: 0.002 and between 0.05 and 0.10; lor g ioup 1: beiwecn 0.02 and 
0.05, and > 0.10). 
Pcicentage ol bone tissue in the callus ( \ai iable χ ): 
T h e man values foi variable x.. aie piesentcd in table 4.3 7. 
../" 
1 
2 
3 
4 
2 
25.8 
23.5 
— 
— 
4 
52.4 
61.5 
55.7 
51.ß 
6 
73.0 
71.ß 
73.2 
09.8 
8 
— 
— 
80.2 
78.8 
I ¡ ih l t '4 3 7 M e m \al i ics ol p c i m i t a g t ' ol hone tissue (\ ) nie.isuied 
IDI g ioups ρ allei л d u i a t i o n ol t i ea ln ien l ol (] wicks. 
The coeflicicnt ol variation ranges Irom about 5 0
υ
 to 25",,. 
T h e P-values lound when testing hypotheses H-i,,, (j = 0, I, 2, 3, 4) all 
exceed 0.10. 
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Phosphate siipplction, therefore, exerts no demonstrable in l luente on 
the percentage ot bone tissue in the callus. Nor is a ditterence in in-
l lueiue between alfalla meal and alialla pellets dcmonstrnble. 
T h e P-valnes lonnd when testing hypotheses H P ^ (] — 0, 1, 2, 3) are 
presented in table 1.3.8 
j/i' 1 2 3 4 
0 < 0.001 < 0.001 < 0.001 < 0.001 
1 0.002 < 0.001 < 0.001 0.001 
2 < 0.001 < 0.001 < 0.001 < 0.001 
3 0.01 0.06 > 0.10 0.08 
I able 4 3.8 I '-VJIUCS when les lmg H i V « u h icgaii l lei χ,. 
Inte ip ie tat ion ol tables 4.3.7. and 4.3.8. leads to the lollowing (oncln-
sions. 
1. All gionps show a (usually signifitnm) increase in percentage ot bone 
tissue with i n o easing callus age. 
2. This increase is most marked, and ceitainly s igni luant, between 2 
and Ί weeks. 
3. T h e i n o ease between 1 and (i weeks is less inaiked but generally still 
significant. 
1. The inciense between fi and S weeks is no longer s igniluant. 
Hod) weight loss (\arinble x 4 ): 
T h e mean values for vai ¡able x4 aie presented in table '1.3.9. 
p / " 
1 
2 
3 
4 
2 
- 0.50 
- 0.38 
-
4 
- 0.14 
- 0.40 
- 0.20 
-0 .58 
fi 
- 0.40 
- 0.90 
- 0 . 2 4 
- 0.72 
T a b i c 4 3.!·. Mean \ali ics of uc igh l loss (\t) mrnsuiccl foi g ionps ρ 
afrei .ι (liii.iMon of t iea i incnt ol q weeks 
T h e standard deviations differ widely; they are often of the same order 
of magnitude as the absolute values ol the means. 
I he P-values found when testing hypotheses H'i,(J (] = 0, 1, 2, 3, 4) are 
presented in table 4.3.10. 
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,/<ι 2 4 6 8 
0.001 
> 0.10 
0 008 
> 0.10 
0.003 
0.07 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
0 > 0.10 > 0.10 
1 
2 
3 
4 
Table 4'i 10. I' vahío when testing Нч with іе«ан1 lo \4 
Interpretat ion of tables 4.3 9. and 4.3.10. leads to the lollowing (on-
clnsions. 
1. After -1 weeks of t reatment К'Ш'Р 4 (with phosphate snppletion) shows 
a .significanti}' greater weight loss than group 3. 
2. No s iuh diUcience is found between group 1 and 2. 
3. Comparison of both groups with phosphate snppletion with both 
other gmnps allei 4 weeks, гелеаК a s ign i lkanih gieatei weight loss in 
the snppletion gioups. 
4. No dillerence in weight loss is demonstrable after 4 weeks between the 
two alialla meal and the two alfalla pellets groups. 
5. Foi the othei dtuat ions ol t ieatmcnt, howe\ei, no inilucncc of 
phosphate supplclion is demonstrable; likewise no di t le iemes between 
meal and pellet leed can be demonstiated. 
T h e abo\e results are in agi cement with the weight loss results obtained 
in the rabbits used lor tensile strength deteiminations. Probably as a 
result ol the smaller number of obseivations, however, less significant 
dil leientes are lound with legarci to the alfalla pellets gioups. 
The P-\alues found when testing hypotheses Hi1 , (] = 0. 1. 2, 3, 4) aie 
presented in tabic 13 11. 
,/·' 
0 
1 
2 
3 
1 
0.06 
0.08 
> 0.10 
> 0.10 
2 
> 0 10 
> 0.10 
> 0.10 
> 0.10 
3 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
4 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
1 able· 13 11 1' values uhen usting Hp v\illi icgjiri lo \ 
Interpie lat ion ol tables 4.3.9. and 1.3.11. warrants the conclusion that, 
in terms ol weight loss, there is no distinct dilfeicnce between dilfereni 
durations of t reatment in a given gioup. In the rabbits used tor tensile 
strength detciminaiions, a signilicant wciglit loss was sometimes ioinicl 
with increasing d iua t ion ol treatment. 
Comparison ot the lesnlts about non-mineiali/ed t o n n e c t h c tissue, 
caitilage and bone tissue in the callus, with those about weight loss, 
leveals that u e cannot find an iiilluence ol the gicatei weight losses 
caused b\ phosphate sii]j])letion. Weight loss as such, iheicloie, seems 
to lia\c no lepercussions in tcims ol callus de\e lopmenl . 
SUMMARY 
Pliosjihatc sitppletion luis no clanly deinonshdblc effed on llir callus 
composition. Xoi is an influence of (liffnc7it types of feed denionsliable. 
The amounts of non-mineuilized (onne<Ime tissue elements and caili 
lage ilecieases as tlic age of (alius macases. Aflo S weeks, caitilage is 
no longei piesent. T/ie denease is ¡clativcly giratesi in young callus. 
Aceoulingly, I he amount of bunr tissue ma eases (see tables -/.3.12., 
1.3.13., 7 .5 . / / . , and 1.3 15.). Tlie weiglit loss seems to be giealei m the 
phosphate groups, although the diffneiue is gcnnally not significant; 
it is difficult to establish irlirllin irrighi loss mflurnces the com position 
οι development of the callus, but this does not seem to be the case. 
./•• 
1 
2 
3 
total 
lab lc IS 12 
1 Ü 't) <л c i 
!>IOU|> I 
./•• 
1 
2 
3 
total 
2 
r>2.2 
22.0 
25.8 
100.0 
D l s l i i b i i l i n n ol 
t h e tlllWlllOIlN о 
2 
52.5 
24.0 
23.5 
100.0 
4 
Sfi.í) 
11.0 
52.1 
100.0 
l i l e i n c d n \ . 
f i H . i i m c n i 
4 
3f).5 
2 0 
01.5 
100.0 
() 
21.8 
2 2 
73.0 
100.0 
i l n r s o f \ (i — 
C)l (| \ \cck.s foi 
6 
27.4 
1.0 
71.ß 
100.0 
I able I'I 13 Disii i lnil ion of llu· mean values of \ 
(i
 = I li 3) O\LI llie din .mous ol l ioi l inci i i of (] «ccks 
loi gioi ip 2 
73 
,/Ί 4 6 8 
1 36.7 24.6 19.8 
2 7.7 2.2 0.0 
3 55.7 73.2 80.2 
total 100.1 100.0 100.0 
Ί able 4 il.14 Dit l r ib i t t ion ot i h c m e a n \aliies of χ 
(ι — 1 '2 3) (nei ilie dii i i i i iuns ol n c a t m e n t of (| 
weeks loi g i o u p !i 
,/Ί 4 6 8 
1 40.0 27.2 21.2 
2 8 4 3.0 0.0 
3 51.6 69.8 78.8 
total 100.0 100.0 100.0 
1 able 1.11") D i s h i b u t m n of t h e m e a n \aliics of \ | 
0 = 1 2. '!) OM.1 the t lu ia l ions ol t i c a l i n c n t ol (| weeks 
loi ц іоі ір 4 
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LIST Ol· HYPOTHtSKS TfcSIED IN SUBSECl ION 4 . 3 . 2 . 
a. Examination of llie influence of type of ticatinenl 
Hypotheses: H'iUJ (j — (). 1, 2, 3, 4; ci = 2, 1, (i, S) 
Hypothesis: 
0 
I 
112« 
H'i„ 
1 
2 
.3 
4 
H i 
H'i 
H'i 
H i 
,"22 
/'24 
/'48 
/'2., 
HA 
'4., (q = ь ß) 
'»•ι — •
,,4ч 
Vi (,"ι.ι + /'24) = Уг (/'.м + /'44) 
И (»M + /'-jj "= И (/'2.| + /'44) 
b. Examination of the injluemc of duration of twalmenl 
Hypotheses: H i ^ (j = 0, I, 2, 3; ρ = 1, 2, 3, 4) 
Hypothesis: 
j = 0 
i = 1 
i = 2 
i = з 
H",;„ 
Η",,, 
Hi·,,. 
,"i.ä = /Ί.ι = /'и« (Ρ = '> -) 
,"Ρ4 = /'Dil = /'l.b (Ρ = 3 · ' ) 
/'Ρ2 —' / '
Ι
. 4 ( Ρ = ^ 2 ) 
."|.4 = ,"PÜ ( Ρ = : 5, Ι) 
/'..Ι = . " l . ( ¡ ( P = Ι ' 2 ) 
/Ί.1 = /'..Ν ( Ρ = ^ ' 4) 
/'Ρ2 = / Ί . θ ( Ρ = ^ 2 ) 
/'Pb ( Ρ 3, 4) 
S'i Μ BOI S LSI' ! ) 
Нч 
a j 
Hi' Hl 
index ρ 
index q 
index j 
hypothesis on influence type ol treaiment. 
hypothesis on influence d inat ion ol treatment. 
télales to the type ol trcamient (p = I, 2, 3. 4). 
indicates the dutat ion ol t icainieni (<) = 2, 4, (>, 8). 
indícales the hypothesis (j = 0) 01 contrast hvjjotheses (j = 
1, 2, 3, 4) tested. 
population mean related to the ,ψοιιρ ρ with a d inat ion ol 
lieatinent ol о weeks. 
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l igure с. Pliotogiaphs of the frarture surface of a tallus, made with the Aristopliot. 
1 he upper two relate to rahhit 4G6 (total sulfate area 0.22 cm2; effectue surface area 
0.18 cm2). The lower two relate to rabbit 47") piotai surface area 0.24 cm2; effectue 
sui face area 0.17 cm 2). 
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4 4 ІНІ SIRI С ILRL OF с л и л s 
boi ( leteimmauoii ut the liactiiic sui Lue aiCii, ihat is the sin lace ai см 
oL the bone i iaçment and of the callus ( ciOÍ>S section ) at the site л ііеіе 
the callus bieaks in the t i a d i o n lest, a photoçiaphic method uns used 
Once the callus was bioken, the bieak sin faces л\еіе photogiajjlicd wnh 
the \i istophot (Leit/), which pioduces an im.ige on the tihn at an en 
laigcincnt ol about S 5 χ T h e псцаіпе is latei fui ilici cnlaiged 'M 
limes T h e plioiogiaphs thus obiaine I show the s t u u t u i e ol ihc Ccdlus, 
the spongy st iuetuie ol the p e n p h e i a l callus, the medullaiy callus and 
the osteotomy sui lace of the shall (lig c) 1 lie sui lace aica is detei mined 
by planimeli ν Пасіі ol the loui photogiaphs ol hg с shows ili.il a laigc 
pait ol the osteotomv suilace ol the shall shows no a c i u i i ) 1 he iidges 
caused b\ the saw aie still c lcaih \isiblc hcie Τ lie ostcotoim suilace is 
glossy <mcl, h e i e a s well as on all othei photogiaphs, is distinguishable 
b o m ihe callus tissue T h e urn hanged and p i o h a b h in pai l neciotic 
]jait ol ibe sh.ilt (as visible m hisiologic.il sections) is ol no nnpoi tante 
lor llic c.illus slienglh I h e maciive pai l ol the shall is measuied мііі 
the plannneiei and this value is subii ас led lioin the total suilace aica 
T h e toiiectecl suilace aica lepiesems dial pa i l ol llic loial l iaci ine 
sulfate aiea wheie die callus has been el icerne, and has thei J o i e been 
called rffcdivc fuulnie smface au a Tensile slienglh expiessd.! in kg/ 
cm2 e l lectne sinlare aiea llieiefoie lefeis to the abovementioned collect­
ed sui lace .nea 
I h e liguies jjiesented m section 12 show that the total suilace aiea 
tends to climinish with m u easing consolidation ol the ostcotoim 1 he 
elfectne suilace aiea, howcvei, lemains Miniali) unchanged, this means 
dial the elleclive suilace aiea shows a i c l a t n e inciease I h e changes m 
total and eftcctive suilace aiea .uc not dependcni on |)hosphalc supple 
lion and show a similai u e n d w u h bolli types ol leed I h e deci ease in 
total sui lace aica must be explained by a deci case at the pcnpheiy ol 
the callus, the ccntial pails of the callus icmaming unchanged T h e 
spcciincns do not yet show the ccntial holes b o m winch the medullai) 
cavity is known laici to ie develop ( la lkenbeig l % I ) I h e i c l o i e , with 
penpheia l clinnnution ol ihe callus and us elice live sin bice aica, theie 
is a ccntial inciense in elleclive suilace aiea because an incicasmg pail 
ol the osieotoinv suilace ol the shall becomes active and stans lo loi m 
conncclions, eithei w u h callus tissue oi wilh llic osteotomv suilace ol 
the olhei h a c l u i e liagnicnt l l n s is illuslialed by the photogiaphs ol 
hg 1 T h e numei i ia l data with tlie photogiaphs show a slight deocase 
in total aiea and a vntually unchanged elleclive suilace aica ol these 
linee l iactuie suilaccs I h e liguies indicate that this is associated with 
an unmistakable inciease m bieakmg foice and m tensile stienglh 
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In the histological sections, too, incicasing imolvemcnt ol the Osteotom) 
sui face is < lenii) denionstrable. Fig. g presents photographs ol histo-
logical sections ol the callus aftei -1, 6 and 8 weeks. Striking leatuies 
are the changes in the (alius as well as increasing connections between 
the shalt fragments. Some areas ol the photographs ol lig. g are shown 
enlarged in lig. h. 
Findings alter / weclis: loose callus structure. Veiy active bone loi illa-
tion; large areas aie occupied by blood vessels and ossihing connective 
tissue; one area is occupied b) caitilage which is likewise subject to 
ossilication. T h e osteotomy sin lace is sha ip and there are no connec-
tions. 
Findings aftei 6 weclfi: e\iclenih, moie bone has been loimecl and the 
sin face area occupied b) non-ininerali/ed lonnective tissue and blood 
\cssels is smaller. Caitilage is no longer \isible in this specimen; the 
Osteotom) surlace is less sharp and shows connections with the callus 
tissue. 
Findnigs allei .S' ¡ccfA's: anoihei distilli l i n a ease in the amount ol bone, 
while the amounts ol non-mi nera! i/cd connective tissue and blood 
vessels aie smaller; no longer an) caitilage. T h e osteotomy sin lace shows 
distinct connections with the callus tissue as well as with the opposite 
ostcolomv surlacc. 
І І Ц І І І С I \iisl(ipli()l рііоіоці.ірііч ol Ihi ' f i d i t m e M I I L K L ' .ilici •), (i 
and Я »сек-, /. fiì2h, 1 weekv b icnkmg loi ее Id кц: tol.il sui fai с 
a lca 0 lid cui·1: еГГссшс м п і а с с ai ел (114 ein 2 , tensile· S(IL'IIJ>III 8^ 
kfr/oii*. 2 SI'U), d weeks Ілслкіціг l o u e 2Ί ~> kg, ioidi siii lace aiea 
0 24 eiii J. e l l e i i h e sui lace aiea O l d ein-, tensile s t i e n g t h 1 П kg/cin-
1 S4lb. S weeks hicnkiiig Іонс 4")") kg, total sniface a ica 0 ¡¿3 ein-, 
e l f c c m e siiilaee a i t a tt.Tò ein-, lensilc sl icngll i 104 kg/( m 2 
7«) 
i-'!>^ ·-·',,. 
"*,! 
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Figure g. Histological sections (enlaiged 8 χ ) cui longitudinally 
through the callus after 4, G and 8 weeks. The sections were not 
decalcified; embcdcled in aciylit and stained according to Goldner. 
Tof>: 46-1, 4 weeks. Coltre: 722, 6 weeks. Bottom: 486. 8 weeks. 
rigiiic li. Histological sections (enlarged 40 χ ) longitudinally 
through the callus after 1. 6 and 8 weeks. They are enlargements 
of the sections shown in iigurc g. numbered 46J, 522 and 486 
from the top down. 
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The following four ligures present microradiograms ol areas ol callus 
tissue and of the osteotomy surface after 4, fi and 8 weeks. 
Findings after 4 weeks: chondral ossification (fig. i, top). The back area 
is cartilage in the process of ossification; a trabecular structure is already 
visible at the periphery. At the bottom mlcroradiogram in fig. i cartilage 
is occupying the non-mineralized space. The osteotomy surface is still 
sharp and shows but little activity; only the bottom part of this photo-
graph reveals some connections between osteotomy surface and callus 
tissue and between the two opposed osteotomy surfaces. 
Figure ¡. Microradiograms ol callus IÌSMIC alici 1 weeks. Top: cn-
laiged 10 χ . Bottom: enlarged 120 χ . 
Findings after 6 weeks (fig. j): the upper two photographs are micro-
radiograms, and the one at the bottom is an exposure made in UV 
light, which shows the tetracycline-stained bone surfaces as yellow struc-
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Figure |. Two mitioiadiogiams (top: enlarged 8 χ and IO χ . 
respectively) and an ехромпс made with the I'V microscope (bot­
tom: enlarged 40 χ ) , showing callus tissue after (> weeks. 
tures. This microradiogram shows the typical structure ol the peripheral 
callus. This has been demonstrated earlier by Tonna (1964) and bv Cou­
telier (19ü9). The peripheral callus tissue forms beneath the elevated 
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periosteum; the bone structures formed are arranged in a direction to­
wards the osteotomy surface, analogous to the course of the blood vessels 
(Trueta and Cavadlas 1955). T h e callus (still with some low-density 
areas) shows more connections with the osteotomy surface, although the 
latter is still sharp and inactive at some sites. 
Findings after 8 weeks (fig. k): ever higher magnifications of the same 
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ligule k. Microradiograms ol callus tissue after H iveeks. Knlaige-
ments, hom the top down: 8 X, 40 χ and 120 χ . 
callus area show that newly formed osseous structure is much denser 
than on preceding photographs. Connections with the osteotomy sur­
face are very firm, and can be found at virtually all sites. T h e photo­
graphs show the shalt in a degree of dislocation, due to which there are 
no direct connections between the shaft iragments. 
A beginning of reorganization is il lustrated in fig. 1, which also shows 
a callus of 8 weeks. At the sites indicated by arrows, the osteons extend 
through a layer of callus from one side to the other: an unmistakable 
sign ol secondary remodelling, fliese features resemble those observed in 
so-called primary healing. T h e photograph shows a very firm high-
density connection between the bone Iragments and between callus 
tissue and an area of the osteotomy surface. 
Figure I. Mitroradiogiains of callus tissue alter H weeks. Enlarge 
merits, from tlie top down: 8 χ and 40 χ . 
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The (Inniges in the (.ilhis, ilicicloie, o u in gi.i<lii.illv. In ilic miti.il ])osi-
osteoioiin phase we see ,ι loose callus s in icuue w h u h (onsisis ol cai-
ііі.іцс, (onne(t i\e tissue and hone l l ie ie is a suhpei iosieal (alius stiiK-
i m e which, like ihe Ыооіі vessels, is diiecieJ towaids the osieoioim 
line; this is the site ol angiogenic ossiikaiion. Klsewheie, dosei to the 
osleoloniN line, one obsenes desnial ossilicaiion: (Oimecme tissue s tnu-
tuie heroming bone; osteoblasts loiming Іюііе inali i\ whidi is niinei-
ali/ed imineclialeU. In the rential p a n ol the (alius and beiween the 
bone liagments, rhondia l ossilicaiion is in pro»! ess allei 2 weeks, but 
still also allei 1 and (i uceks. Altei 1, (> and S weeks theie aie dilleieni 
latios be lu ecu ihe ussue s u u t i i n e s which make up the (alius. Conncc-
ti\e tissue .md caiiilage elenienis diniinish, and aie giadualK lephued 
b\ a iiiibeiiil.il bone tissue s t i i idu ie » h u h cmonipasses ihe osieotonn 
ends and laici joins them liimK togelhei b^ (onl inuing into ihe Osteo­
tom) surlau's. Miei S weeks, theie ate Ιθ(.ι1 signs ol second ιι\ icoigani-
/ation. Osteons loini w h u h exieml dnough the callus horn one li.ig-
ment to the othei. 
' I h e tensile sticngtli ol the (alius nmcases with incieasing (alius age: 
ihe iiKiease is es])e(i:ill\ exideni when ihe tensile snenglli is cxpiessecl 
as a luiut ion ol ihe c l ledixe suil.iu· ¡nea. 'I his is to sa\ that ihe (alius 
si iucluie becomes m u d i stiongei In i l i i l h , mudi ol the (alius (onsisis 
ot \essels, non-minciali/ed (оппечіім tissue and (ai i i l ige I h e amount 
ol bone tissue then g i a d u a l h ine ι cases, and the bone (оіпкч lions be­
come stiongei While (lie j jeutntage ol bone ussue nicieases between 
(i i\eeks and S weeks In 10-2(1",, the tensile snenglli nuieasts In 10-
100",,. Dm in« this jieiiod oneobscixcs incie ising (ontinuilv in the solai 
¡iia(li\e osteotonn sin I.ice. 
λ substantial ριυρυι lion ol the nuiease m tensile siiength, theieloie, 
should not be explained e x d u s h e N In a (hange in oigani/at ¡on but is 
bound also to de|>eiid on (oniiei lions loimed between ihe callus tissue 
and ihe osteotomv suil.ues. and bel ween the osieoioim siiil.ues ol the 
oppos'jd liagments. 
s i MM \RV 
Wlnlc the effedne fiadine unftue mei x'inauis viilualh нпсііапцсіі. 
¡hi' leiwi'e \Ι>ΐΊΐ£ΐΙι nincti\r'\ with пк іеіі\іііц itine. ιι\ (leiimnsliiileil πι 
sedioli 12 In vieie of ¡)liolo»iii¡>hs of the fxitlme \in[tue\ of Ihe (alius 
and of the histology of (he r alius, it is /vnleiil that this ino ease in 
tensile stirnglli should be e\¡)lained by: 
1. (Iiaiiiies m (alius (onijiosiimn and an inixased рекenlaoe of bone 
tissue: 
2. (Inniges in (alius oi oanizalimi: 
' . an nu leased nunilxi of (onnci lions IK Iteceli (alius and osleolouix 
sinfines and be/-,eeen ihe of)posed bone fitiginenls. 
Sii 
1 5 R\i)iüi (Χ.κ \L sum 
The laclii wuc pliutogiaj^licd Willi t i e Чспоцыріі (Glos 1463) l l n s is 
α modcin a p p a i a t i ^ toi iiianiiiiO£iapli\ witli a nioMîdene anode At 
'-ij k.\' tins appai alus emus М І І І І П І К inoiiocluoiiiatu юеіицеп ladialioii 
so thai sc mei in the bone is ledueed to a minimuin 1 nlaigements n n 
he m i d e uill ioiit aUerlnii' ці.ші delmii ion This appaiatus has been 
lotind to l)c hi«Iih siut.ihlc to obtain an impiession ol the Іісаішц 
ostec)loiii\ mil the tallus s tn i t tu ie Radiot>ia])hs made with this appa 
lams aiid latei СІІІ.ІІЦССІ aie supeuoi to tliose obtained i\ith conven-
iion il appaiatus * 
I h e two І .КІІОІОЦІПІ icihniqucs aie coinj)aied m lig m I h e top piloto 
ціа])1і uas made with ihe Sinogi.iphe, the bottom icpioducl ion shows 
a eomenl ional ькіюціаріі ol ,» ladius in t u o dneetions I h e i e is a 
s lnkm« ili l leienre in (|iialit\ Senogiaphe ladiogiaphs elisine a moie 
leliablc assessment ol ι illus s i u u t u i e , osieotoni) sin Liées and consoli 
dation (ιΓ a m ) Vs with conventional ladiogi ijjhs и is ol impoi lance to 
Iia\e cxposines in l u o peiptndieulai dnet t ions , is the lollouing illus 
nat ions will demolisti.lie All osteotomies in gioups 'Î A r) and b — 
whethei used m the histological sluch oi m tensile siiength de temima 
lions — ue i e photogiaphed in this w i\ 
Inlet pi elation of ι idiogiaphs 
T h e ι idiogiaphs v\cie studied m an elloit lo establish whclhci then 
intei pi elation л\()іік1 n u k e it possible ю estimate ihe siienglh ol bone 
knitung i e the dcgiee ol consolici m o n which was deiei mined b\ ine.is 
innig the tensile stiength Ol all osteotomies both exposuies weic 
ilwa\s CMmined T h a t ι idiogiaph on v\hich healing seemed le ist good 
as (iidgcd b\ die width ol the oslcotoim space, shaipness ol the sui 1.ices 
degiec ol lemodellmg, and c.illus loimation, was used as a c i i tenon ol 
healing This was done In dil leicnt e\aluatois 
1 his stuth was r a i n e d oui m gioups > and b, loi statistic d icasons, it 
uas conlined to iliose i,il)biis in these gioups in whirli a bilatcial osteo 
tom^ had been pei lonned I h e i e ue ie li\e independent e\aluatois who 
aii.inged ihe ladiogiaphs ol the osteotomies ahei a gi\cii du ia t ion ol 
tie.itiiicnt in diminishing oidei ol healing ihe e\aliiaiois weie unawaie 
ol die icsults ol tensile stiength de ie in imat iom 1·οι each ol the penods 
o( t iealmcnt, ihe anim.ils weie d m d e d .is eveiil) as possible ovci the 
two gioups Peí ι ibbil the scoies lecoidcd In all the evaluatois loi the 
light and foi the left ladius weic suinmaied Phis total scoie was com-
paied with the sum of the tensile sticngihs of bolli n e i n T h e data weie 
siinnnated pei labbit in oidei ю obtain landoin p a n s ol icsults bpeai 
m a n s two tailed lank co i ieht ion test was jjeiloimcd in oidei lo estab 
* I h e ι uliojii iphs « e u mule m ιΐκ (l< ρ τ π ι ι κ ш ol ІЛ(ІІ(ІІ<І»\ (henil l ' iol Πι \\ Η \ 
14 mi) ol l in і і і т с і ы і \ hospit il Ni|iiicj>4i 
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Figure m. Radiographs o£ the ratlins of rabbit 850. Vpper two made with the Séno 
graphe; lower two made with comenlional apparatus. 
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lisli whethei the lesults wcic independent T h e idi i l t s aie picscnted m 
table 4 5 1 
Duiatioii ol 
ueatment in ivccks 
4 
G 
8 
\ i i m b e i ol 
labbiis 
11 
9 
11 
Con elation 
coefficient 
0 62 
0 35 
0 29 
Ρ \ aine 
0 05 
> 0 10 
> 0 10 
Ι лЫс 4 "J 1 KiMilts ol η c o u r la tum slinl^ a a o n l i n ^ to Spe ai m a n (onci ι m u g 
mis i le s t ienf i l i d u c i ininalioiis .md i m e i p i c l a t i o n s of ladio^iapliv 
' l ins table shows ihnt я posm\e conelai ion between the two gioiips ol 
data is louiicl oui) alici 1 weeks, bin even lins is insull icienih close to 
attach piedirt ive \alncs to iadiologu.il assessinenl 
However, since the conventional evaluation ol the ellect ol phosphate 
snpplction on h acinic healing is earned out on the basis ol lachogiaphs, 
η studv was made (pei haps snpei Uuouslv) ol possible di l lciuices Ije 
iwccn g ioup 5 and g i o n p G (winch leceived I KOI wiihout and v\ith 
phosphate snpplction, lespeciivel)) in teims ol (he scoies above men 
tioned W i k o \ o n ' s two sample test icvealed no sigiiihcani clillcience 
between these gioups <iltei ,mv ol the p u lods ol t ieatment (P-valncs 
alwavs exceetling 10 ( '
о
) 
1 he above will be illnstiated b) picsenling a nnmbci ol ladiogiaphs 
Voi example, companson ol ladiogiaphs ol labbiis 81Ga and 8521) in 
fignies η and о leveals the following I he iwo aie iclcniical in leims ol 
jadiogiaphic evaluation, and ionsolidation (an be assumed to be good 
m both Bui in leims ol tensile sticngih, theic is α dilleience· 8H)a 
bleaks at l'i 5 kg tiaclion, and 852b bleaks al 51 5 kg tiaciion I xani 
ination ol the photogiaphs of the l iactuic sin Lues ι ел cals how this 
should be explained In 81 fia, the osteotomv sin lace ol the shall has 
lemained almost totali) inactive, and theie aie .is vet no connections 
with the callus In 8521), the osteotomv sinface is (ompletelv involved 
m the callus tonnections (Dil lei enees m bieaking loice aie l.ngci than 
dilteiences in tensile s i iengilr 108 kg/cm- and 190 kg/cm2, lespectivel}) 
This means that, because the shadows ol the penplicial callus .ne supei 
imposed on the osteoiomies, the ladiogiaphs give a distolteci impiession 
ol the degiec ol consolidation and the (ontnni i i ) ol the shall at the 
osteotomy site It is theieloie impossible to make use ol ladiological 
niteipietaiions as a vaidstick loi the degice ol consolidation 
Given a iioimal conise ol healing, the ladiological changes whul i оссш 
in α h a c t i n c m the coinsc of time .ne usuali) dcmonstiable This 
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-1 ^ ^ 
ligure п. Radiographs of the radius 
of rabbit 81Ga (bollom) and Aristo-
pliol photograph of the fracture sur­
face ol the same radius (top). Break­
ing force 13..') kg; total surface area 
0 20 cms; effettive surface area 0.13 
cm
2; tensile strength 108 kg/cm2. 
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, -'t !Ç .-^τί 
rigiirc о. Radiographs o£ the ladius 
ol rabbit H,")2b (bottom) and Aristo 
phot photograph of the fracture sur-
face of the same radius (top). Break-
ing force 51.5 kg; total surface area 
0.28 cm*; effective sulfate area 0.2() 
cmä; tensile strength !!)() kg/tm2. 
'11 
Figure p. Radiographs of the radius after 4 (i and 8 weeks (the fracture surfaces of 
these radii are shown in the radiographs of figure f). Top S32b, 4 weeks: tensile 
strength 84 kg/tm2. Centre: S19b, 6 weeks: tensile strength 145 kg/cm2. Bottom: 844b, 
8 weeks: tensile strength 194 kg/cm2. 
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ligure q. Radiographs oí the ra-
dius after 4. G and 8 weeks (the 
histological specimens of these ra-
dii are shown in figiucs g and h). 
Top: 464, 4 weeks. Centre: 522. 
(> weeks. Bolloin: •/.%, 8 weeks. 
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applies also when the ^loups as such aie radiologicalh шшраіесі alte)" I, 
(i and 8 weeks This means thai üioiphological changes rue geneialh 
(lcinoiistral)le in ladiogiaphs, hul nol the degiee ol consolidation (de-
fining consolidalion as the strength ot the l iactine callus) This is ilhis-
tiated in ligures ρ and q. Fig ρ shows the radiogiaphs ol the radii 
whose l iactine surlaces aie shown in lig. I. Thcv shoiv incieasmg con­
nections and intensilication ol the callus s i i u d u i e . I'ig. () shows the 
radiogiaphs of the radii whose histological leatuies aie shown in lig g 
and fig. h. 'I hey, loo, reveal inucasing connections which aie consistent 
svilii the liistologic.il leatuies. 
Sl'MMARV 
lluduiguiplis (nc ттіу ипісІкіЫс см a a ilei ion of fiad in e (onwlidation 
Il is (leiiionsliiiled timi, in spile of siiiiilm micipreliitions of mdio-
gi a plis, veiy inai lied diffewincs m lensilc shenglh exist. 
'Пипе n'as no uidiologuril cvideiue of any di f fa cuce in healing behecen 
aninials healed villi and ичіііоиі filiosfihale snfifilcnienls 
[hi 
4 ϋ. Ι» Π RMIWMON OF SLRl Μ С \Ι CUM \\Ι) IMIOSI'IIVIt 
16 1 fntiodiHtwn 
In .ill labbils, blood loi deluinin. i l ion ol sci uni caldini) and pliosphaic 
Ie\cls л аь ol>taiiiccl l)\ heaii p i i iuui ie λι ilie tunc of die p u n d i n c tlic 
ial)l)its u a e not Listing I h i s i\as dclibeiatel) cnsincd Senni) t.ilcium 
and phosphate concentiaiions aie known to be highb dcpcndciit on 
lood uptake Rabbits aie eating міПіаЩ all da\ long, and since m Lut 
wc и an tccl to establish uliethei the t\pe ol Iced has a m ellect on sei inn 
L.ilciimi and phosphate \aliies u e .uoided lasting loi these deteiniin.i-
tions 
T h e sellini talciuni level was d e i u mined will) the (alciimi miato i and 
c\j)iesscd in mmole/l I he phosphate le\el vvas deieunmed .u coi cling 
to Sininici, and likewise expicssed in minóle, I * 
\ o l inliecjuentl), blood was lelt si.Hiding loi some lime IJCIOIC lu i t i i lu -
gation, this has ceitain consetpiences loi phos])h.ilc dc'teiiinnalions 
winch will be discnssed latei 
boi this stud) we med a pai t ol ihe labbils listed in table 1 I 0 O n h 
m gioups 3, 4, j and d (table 1 2 0 ) weie sei um le\els deteimmcd al the 
end ol uealiiicnt. puoi to sacnli ie Moieovei, sci uni \ahies weie clciei-
nniiLcl in a nunibei ol i.ibbits wind) weie not ti caled J hese labbils 
constiiuic rontiol gioup 0, and then sei um caldini) and phosphate 
values aie legaidcd as noiinal values in non-lasting animals 1 he labbils 
used loi lins puipose weie b-H iiioiilhs old, with an avciagc bodv weight 
ol about ci r) kg I he) weie led L k O l laboiatoiv Iced 
/ 6 2 SlahstUdl analysis 
\Vc use the same stadstical model and the same mi ι hod ol analvsis as 
desenbed m subsection 4 2 2 , c\amiiiing a) the inllucnce ol ivpc ol 
l ieatment, and b) the inlluencc ol du ia t ion ol t iealmenl 
a 1 he inlluencc ol the l)pe ol (icatmcin 
Let », , be the population mean loi calcium oi phosphate conccntia-
tion ¡elated to η g ioup ]) alici a dii iaiion ol l ieatnieni ol и v\eeks and 
let /Í„ be the population incan ι elated to g ioup 0 
I h e hvpotheses lesled aie thcic <iic no d i l l a c uces in the sei um c.ikiiim 
οι scium phosphate toiKuii iat ioi i bctwcei) the gioups allei a duia i ion 
ol t iealincnt ol () v\ccks 
In the loi m ol α loi mula, such a hvpothesis leads. 
H'i„
n
 (,„ = u
u
 = iiiu = //-! = II^ (q = I, <), 8) 
* I IICNC (ILII l lllliuilions u t i t in.ull in llic (linn.ll (Ικηικ.ιΙ l.llxii.ilni \ (IKJII Di I' | 
\<ιιι Munslci) ol tilt Пср.іпімчіі ol l 'acdialucs ,ιικ1 Sin^tiv \І|ІІІСЦСІІ l iii\cisii\ 
l l o s p i u l 
()5 
If ilie hypothesis is ie|e(tccl, then the gioiip di I lei entes hugely lespons-
іізіе foi the rejettion must be csinblished. Tliis is v\h) tlie lollowing 
t o n esponding conti ast h)potlieses aie tested: 
H' 1 «! : /'.M = ''4<1 
H
'
l
« 2 : /'5.1 = /'64 
1І'і,
м
 : f,0 = % (fl.M + «,,, + /,.,, + ,1й,) 
H , |
«4 : И (/',„ + /<4.|)= И («S., + ,"(,,) 
(foi serum c.dtiimi only) 
H , |
. .J : У2 О'ЛЧ + /'Vi) = У2 («44 + /'Ьч) 
A list ol these hypotheses and an explanation ol the symbols used aie 
piesented on a separale page .11 the end ol this sertion. 
Conti .ist hypotheses H'i, and Нч0 > aie tested in ordei to establish 
whethci thcie is an efleit ol phosphate suppleiion with the two types of 
feed sep.uately. Hypoiliesis Н^
их
 is tested in oidei to establish whcthei 
the so-tailed noi inni values tlillei horn the posioper .uhe values. Н°\
пі 
is then tested in older to establish uhethe i the type of leed (allali.i 
with the highei or 1 KOI with the lowei talcium ronlcnt) has an ellect 
on sei um tak iu i i i values legaidless ol phosphate suppleiion Since the 
phosphate contents ol the leed diller widely due to phosphate supplc-
tion, this tonip.uison is useless foi the sei um phosphate le\cl. 
H'i( l. is lesled to establish uhethei the ¡ihosphate suppleiion has an ellett 
on the sei urn phosphate and talcium \ahies legaidless ol the ty])e ol 
leed. Foi tomplcteness' sake it should be pointed out that, in the last 
lince lests, the other gioups dilleieutes (eg. that in age) toniti in l luente 
the test lesults. 
b. T h e ¡nlluence ol the duiat ion of lieatinent 
In 01 dei to study the inlliienrc ol the duiat ion of t ieatmeni, the lollow-
ing hypotheses aie tested: theie aie no dillerentes in the sei um calcium 
and seium phosphate (oiiceiiiiatioii within g ioup ρ afici dilfeient duia-
tions ol treatment. 
In the tonn ol a loimula, suth a hypothesis reads: 
Ηι
'/·ο : /Ί.4 = /Ί.4 = /Ί.8 (P = : 5 ' 4 ' 5 ' ϋ ) 
II this hypothesis is 1 ejected, then the g ioup dillerences hugely lespons-
ible loi the 1 ejection can be established by testing the following con­
t u s i hypotheses: 
H lVl /'„4 = ,"„0 
HlV-> /Ί.4 = /Ί·Ν 
H l
'/ ' 't /'|.b = /'|>(. 
I hese tonti asi hypoihcses are tested 111 oidei to establish whcthei there 
arc any dillerences between the shoit and the nicdium, between the 
shoit and the long, and between the nicdium and the long durat ion of 
ticatnient 
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•Ì.6.Ì. Remits 
T h e disti ibution of the rabbits o\ei the лпііоіь gioups .nul duiat ions 
oi t reatment is piesented in t.iljle 4.() 1. 
,./•' 
0 
4 6 
(13) 
8 
S 11 7 16 
1 11 8 15 
5 13 11 12 
6 12 12 12 
I alile 1 () 1 Disfi ihii inin ol и І і Ь п ч ONCI gioiips ρ diu! 
( luial ions of l i c a t n i c n l ol q weeks 
T h e mean calcium and pliospliaie values will be tiist g h e n , lollowed 
l)y ¡ι discussion ol the lesults ol statistical analyses loi сак ¡imi values 
and phosphate values, respe t the l ) . 
T h e mean sei um (.ilciinn (oncenliations measuietl aie piesented in 
table 1 (),2. 
,./" 
0 
4 
О 
(3 38) 
8 
3 3 48 3.52 3.26 
4 3 31 3.33 2.4«J 
5 3.37 3 51 3 20 
() 3.38 3.38 3 27 
I .іЫс ^ 0 2 Menu sellini i n k . u m l e u I (m ininolc/l) 
loi g i o u p s ρ jfiei d (Uu.ilion ol l ica l incnl ol q weeks 
I h e mean sei um phosphaic coiuentiat ions measuied aie piesented in 
table 4.6.3 
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Ρ/" 4 (i 8 
О (1.26) 
3 0.78 0.99 1.11 
4 1.47 1.51 2.1)5 
5 1.27 1.82 1.26 
6 1.G7 2.08 1.47 
r . i b l t 4 h :ì M e n i -iLiiini | ) l )o- .pli . i te l e \ e ] ( in n i n i o l c / l ) 
lo i g i o u p s ρ . i l ic i a ( І І І І Л І Ю П (il l i L a t i n e i i l ol (( U C L L · 
The cocflitients ol лапаііоп іап.цс Іюш 3",, io 10"',, loi ilic calcium and 
í iom 12^0 to 2 1 0 0 loi the phosphate dciei niinations. 
a. Set inn calcium concentiation: 
Tlie IM allies lonnd when testing Η Ί , ^ (J — 0, 1, 2, 3, 1, 5) aie pichciitcd 
in table 4.6.1. 
j / " 
0 
1 
2 
3 
4 
5 
4 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
> 0.10 
6 
> 0.10 
> 0.10 
> 0.10 
> 0 10 
> 0.10 
> 0.10 
8 
< 0.001 
< 0.001 
> 0.10 
< 0.001 
< 0.001 
< 0.001 
Ί d b l c Ι Ο Ί I ' \ a l i i e s « h e n l e t t i n g Η Ί \wlli і с ц а и і 
К) SCIIIIll ( . l ld l l l l l ІслсІ 
lutei | ) ie lat ion of tables 4.6 2. and 1.6.1. leads lo the lollowin;· con­
clusions. 
1. Allei 8 weeks the sei inn calcium le\el in g 1 0 1 1 ! ' ^ is siginticanth 
lowei ilian that in g ioup 3; the oiliei signilicant icsuhs allei 8 weeks 
ol t icatnient may be a consc(|iience ol this tact. 
2. Fiuthei phosphate supplction has no cleaih dcmonsnablc ellert 
on tlie sellini calcium le\el Noi dots the i\pc ol Iced lia\e a distinct 
eflecl on ihe sei urn calcium level. 
3. A dilleience between the рісореіаіілс (noi mal) sei um talc nun con­
centiat ion and the mean postopeia the conccniration is generally not 
demonstrable. 
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T h e P-valucs louncl when tesiinj> Hi',,, (j — 0, I, 2, 3, 1) .nc piescnted 
in table 1.6.5. 
j/i' 3 4 5 G 
0 0.04 < 0.001 0.003 > 0.10 
1 > 0.10 > 0.10 > 0.10 » 0 . 1 0 
2 > 0.10 < 0.001 > 0.10 > 0.10 
3 > 0.10 < 0.001 0.003 > 0.10 
Libie lb") IMdli ict wlii'ii testing Up Mitli icgai i l lo sellini cal 
cium lc\cl . 
lutei dictat ion ül tables 1.0 2. and Ld.5. leaib to the lolloping coii-
chiMom. 
1. CJIOUJJS 4 and 5 show a signilicant dcticase in sellini calciuni le\el 
between fi and 8 weeks Ί lie den ease is pai t iculai l) maiked in group 4. 
2. General U, the sellini calcium tends to deci case allei (i weeks. 
b. Sei um pliospliaie coiiccnliation: 
An evaluation ol sei uni phosphate values should take into account that 
haemolysis has o n l ined in some instances. This allée Is the оіцапіс intia-
cellulai phosphate, and laises the result. Haemolysis is known to have 
oei l ined in groups 5 and (> alter (3 weeks ol uea imeni . Blood samples 
h o m the labbils ol cadi pair ol gioups (3 anil Ί , oi 5 and fi) alter a 
given din,ilion ol t iealineni v\eie generally pioiessed in an idcniical 
way. They weie obtained siimillaneously and lell slamling ecpialh long 
beloie t e n u ilugation and delei mination. The change ol haemoKsis was 
theieloie always the same loi both. 'I his is why the dil leiciues between 
the ]).iiied gioups allei a given duia l ion ol trealment can be regaided 
as reliable. Willi icgaid lo llie high values louiul in g ioup 5 alter (i 
weeks ol u e a i m e n i , it musi be pointed oui that the labbils in this g ioup 
ι evened L k O l . 
1 hey had the same lood as those in g ioup 0 and the labbits in g ioup 5 
allei 4 ami S weeks ol i ieatment. 
HaemoKsis was not obsci\ed in sei α ol g ioup 0 
1 he pliospliaie (oncenliai ion in the gioups 5 aller a t iealineni ol 1 
and S weeks coi lesponded ю dial in g ioup 0 
1 he Hue sei uni-phosphate toncentiat ions are iheieloic likely lo be 
about 1 25 mmole/l. I he haemolysis chances in group fi allei fi weeks 
wei e the same. T h e ti ue phosphate concenti ations, iheielorc, aie likely 
to be much lower in ihis g ioup also. 
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T h e P-values fouiid wlicn testing ΗΊ, , , ] = 0, 1, 2, 3, 5) lor phosphate 
concentration aie piesen ted in Libie 4.6 6. 
/> 
0 
1 
2 
3 
5 
4 
< 0.001 
< 0.001 
< 0 001 
> 0.10 
< 0.001 
6 
< 0.001 
0.005 
> 0.10 
0.003 
< 0.001 
8 
< 0 001 
< 0.001 
> 0.10 
< 0.001 
< 0.001 
I able 4.G(). I'^alucs when iLsling Нч « u h itgaul 
io ^elUln phusplijie level 
Cautions inteipreiatioii of tables 16 3. and 16 6 leads to the lollowing 
conclusions. 
1. Phosphate supplction to the Iced causes a signilu.int m o case in 
sei um phosphate in the allalla gioups altei each penod ol i ieatment 
Pait iculai l) allei 8 weeks, the sei um phosphate Іелеі is \ei\ high in 
group 1; this is probabl) icliable in \iew ol the coiiesjjondmg calciuin 
level. 
2. Phosphate supplel ion likewise causes an ι n o case in sci inn phosphate 
in the LK.OI gioups; this inciease, liowc\ci, is signiHcant onl> attei 
4 weeks. 
3. Comparison ol the phosphate gioups with the two noii-phosphale 
groups cleaily demonstiates that the seinni phosphate (oncentiat ion is 
always signilic.intl) highci altei phosph.ue supplelion 
4. Altei 6 and 8 weeks, the mean phosphate level ol the gioups is 
demonstrabh highci than the pieopeialive value T h i s should piobably 
be laigel) asciibed (o the l a d that two gioups iccehcd phosphate 
suppletion. 
The P-\alues lotind when testing Hi' f l | (| = 0 , 1, 2, 3) aie piesented in 
table 4.6.7. 
V" 
0 
1 
2 
3 
3 
< 0.001 
> 0.10 
< 0.001 
0 003 
4 
< 0.001 
S> 0.10 
< 0.001 
< 0.001 
5 
< 0 001 
> 0 001 
> 0 10 
< 0.001 
6 
< 0 001 
< 0.001 
> 0.10 
< 0.001 
Tabic 4 fi 7 1' values when testing Нм with lepaid to scuim phos­
phate level 
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Га bles 4 G 3 and 4 (ι 7 u . m a n t the tollowing lemaiks Tl ie a l laüa 
gioups show an inciease in seium ]íliüS]ihate level with incieasing 
d i n a u o n ol treatment, tins inciease is significant o n h between () and 8 
weeks T h e inciease seems to be leal Τ lie I.KOI gioups show a signih-
cant increase between I and (i weeks and a signihcant deciease between 
6 and (S 4\ecks Thi s finding, howevei, should be mterpietcd whit gieat 
caution because the lesults <iie (\ei\ piobablv) uniebable due to occui-
i c m e of h.iemoKsis 
si M\IAR\ 
The snum (olenun level doe1; nol tfww a distind (onclalion with the 
(aidiim (onlents of tlie feeds used Xoi does the (aienttn lead geneuilly 
(oiicUite clemly with the phosphate eontent of the feed In the ma-jonty 
of cases tilt sciiun pliosphate hvel coiielal<s nilli the pliosphate (onteut 
of the feed, an mei case m the pliosphatt eontent of liu feed leads to 
a significantly lugliei sei inn phospliale level ( ompanson of the mean 
value tlnouglioul tlie gioups aftei a gnen peiiod of tiealnient with tlie 
pieopeutlive value, shows that the foi mei is getieuilly nnntislakably 
lughci foi salini phosphate (this is piobably laigely a lesult of the 
pliosphat( snppk lion), the diffaencis con(ei mng the seuim ralcium aie 
less mmked 
The sei um calcium level tends lo deciease with incieasmg callus age 
while the phosphate level tends to ma ease, at least in the alfalfa gioups 
A Stillung finding is the maiked inciease in seium phosphate and the 
d<cieas( ni senni) lalaitm obseived between 6 and S we< ks in the alfalfa 
gi пир with phosphate suppltlion An effe < t is most evident in this 
gioup and at this tune As will be discussi d latei, this should piobably 
be explained on the basis of lenal damage 
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LISI OF HYI'OTHESt.S TEST FD IN SUliSFCIION 4 . 6 . 2 . 
a. Exainmation of the influence of type of ticalinrnt 
Hypothèses: Нч,,, (j = 0, 1, 2, 3, 1; q = 4. 6, 8) 
Hypothesis: 
0 
] 
2 
3 
4 
5 
H"<10 
H'..,, 
Н'і,
і г 
H·.,,, 
H'i, 4 
H'i„. 
/'.14 (q = 4, (Ì, 8) 
.".l'I — ."4ч 
/'54 - / 'ü4 
/Ό = 34 О'.м + /'4ч ^ +/'S4 + "(¡ч) 
И (/'.¡ч + /'44) = И С».-,., + /Ή.,) 
Vi (/'.,ч + ,''5ч) = И (."44 + /'вч) 
1). Examination of the infliieme of dnuition of tieatment 
Hjpotlieses: Hi',,·, (j — 0, 1, 2, 3; μ •= 3, \, Γ», 6) 
bhpoilicsis: 
/'P4 = ,"P(¡ ~= /Ί.Η ( I ' =• 3 · 'J. 5 ' f ) ) 
/Ί.4 = /'pfi 
0 
] 
2 
3 
H'Vo 
H'V! 
i i " , ;
s 
""/.M 
.».^ — .»„ 
SYMBOLS u s t i ) 
Нч.„ 
H'Vi 
index ρ 
index (| 
index j 
liypoiliesis on intliicntc of type ol treatment. 
hypothesis on ¡ntliience ot duration ol treauncni. 
relates to the type of treatment (p = 3, 4, 5, (i). 
indicates tlie durat ion of t ieatment (q = 4, (i, 8). 
indicates the hypothesis (j = 0) or conirasi hypotheses (| = 
\, 2, 3, 4, 5) tested. 
population mean ι elated to the group ρ and with a durat ion 
ol t ieatment ol q weeks. 
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С Η Α Ρ Τ E R 5 
S l U D Y Ol- ГНК E F F E C T O F P H O S P H A T E ON 
B O N E r i S S U E 
5 . 1 . CENTRAL ПЛ1А 
The i.ihbits exainined had also heen used lor détermination ol callus 
formation. This ЫінК was stai ted too late lo include ^loups 1 and 2 
(table 4.2.O.). As in the stud) ol the e l l eu ot phosphate on callus lorma-
tion, a mechanical method was used and c]uaiiiiiativc histological detei-
ш i nations were made. 
T h e dist i ibution of the labbits o\ei· the \.irions methods ol investigation 
is shown in table 5.1.1. 
"¿roup 
3 
4 
5 
G 
total 
Used for 
hisiolof>) 
15 
13 
10 
11 
19 
Used for 
bending lest 
25 
25 
28 
25 
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Tota 
•10 
38 
38 
3« 
152 
I able "> I 1 Disl i i lui l ion ol і ін іаЫШч m n ilic mcllioch of ¡mcs l i -
ga l ion . 
As in chapter 4 dilferences between the gioups and between the dina-
tion ol ti calment aie investigated b) using statistical technk]iies. 
5.2. Mtc.H^Mc.AL si im 
5.2.1. ¡nlrodudion 
Instead ol the naction test used in deieimining callus ioimation, a three-
point bending tesi was used. When naction is applied ю iniact bones 
fixed in the same \\л) as osteotomi/ed bones used in the ti action test 
(i.e. embedded in acn l ic and enclosed in coppci shells) the site at 
which the bones broke as a icsult ol traction pio\ecl not to be pre­
dictable. This was tested out in a lew cases. The bone sometimes broke 
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at the exposed site between the embedded segments, in other cases the 
fracture occurred within the acrylic, and in yet other cases the entire 
bone was pulled from the acrylic. 
This is why wc resorted to the three-pointed bending test. The radius 
or ulna was positioned, always in the same way, on two movable polish­
ed metal cylinders, while on the other side a third metal cylinder could 
be screwed down to exert pressure at a site midway between the first 
two cylinders. T h e device was so designed that it could be built into the 
Instron apparatus (fig. r), 
Figure i'. Positioning of the hone for the three-point Ьешііп}! 
lest. 
T h e increase in load and the time of fracture were graphically recorded. 
T h e requirements set for exact determinat ion of llexural strength were 
not entirely fulfilled. Absolute results should therefore not be taken 
too seriously, but the results obtained are useful for comparison ot the 
various groups, and this method is suitable as an aid in studying the 
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cflect of phosphate suppleiion on the ninxinmm load in hcncling the 
radius and ulna, iespeai\el\ . 
In »loups 3 and 4, in which only the tight ladins had been osteotomi/ed, 
the left ladius uns used foi the l)ending test. In gionps 5 and b, in 
whicli both ladii had been osteotomizcd, the ulna ol either leg was 
used, without an) systematic pi elei enee ίοι l ight οι lett. When the 
ulna was used, it was always the segment ptoximal to the osteotomy in 
the adjacent ladius that -uas tested lliis iules out the inlluence ol a 
possible lesion o£ the ulna as a lesult oi the osteotomy ol the melius. 
I he bones dilfei loo much in thickness and shape to permit an 
o\eiall compaiison of the foui gioups Since the ulnae in gioups 3 and 
1 had not been sloied, il was impossible to c a n s out a bending lest ol 
the ulna in all gioups 
Only (he load (in kg) l e q u h e d to bieak die bone by bending was 
de temnned. Coi ι elation pei unit of sin face area was impossible because 
the bones splinieied so much that the li acuii e sin face and the flexura] 
stiengih could not be measuied. 
5 2.2. Bendnig Irsi of the iruluts 
Rending tests ol the ladius weie earned out wiih bones h o m labbits 
given nlfalla pellets dui ing si\ οι eight weeks. These labbits wei с 
distributed .is shown in table 5.2.1. 
,./" 
3 
4 
6 
12 
12 
8 
13 
13 
Table ~i'2l Dblnbunon of the i.ibbils 
(лсі the OIOUJ» ρ .imi diu allons of ileal 
ment ol i| weeks 
For statistical analysis, use is made ol a same statistical model as tie­
so ibed foi callus loimation in thaptei 4. In oidei to establish the in­
lluence of the type of t ieaimcnt at a gi\en chuation of i ieatment, 
Student's two-sample test is fiist of all used to lest the hypothesis: theie 
aie no clillerences between the gioups in tnaximum load ol the radius. 
Let i/ be the populai ion mean loi niaxiinum load in kg within g ioup 
ρ allei t ieaimeni during q weeks. The hypothesis tan then be gi\en In 
the lonnula: 
H , |
'<0 : /Ί-ι = ."44 (4 = ( 1 ' ^ 
In oidei lo establish the inlluence of d m a i i o n ol treatment lor each ol 
the gioups, Student's two-sample test is pei loi med to test the hypothesis: 
IO« 
there aie no diffciciues in in.ixiiiuim lodili alter tlie \aiioiis diirations ot 
treatment Tliis hypotlicsis (an be f>i\cii I)\ the loiinula: 
H | ,/.„ : /'рь = /',« (P = 3 · O-
T h e mean values of niaximimi load are presented in table 5 2.2. 
3 15.3 11.9 
4 14.5 14.2 
Ί2Ί Mean values ol шачімшш load in 
bending in kg loi gioups \> .itici ([ \\сскл 
ol ticaiincur 
'l"he standard deviation is about 2-3 kg. 
T h e P-\alues lound when tcsiing ihc Нч,1() and Hi
1
,, hypotheses are all 
in excess ol 10%. 
No el ict i ol phosphate suppleiion oi ol a ioii«ei duia t ion ol t icalment 
on the maxiinnni load in hending (he ladius is iheieloie demolistialjle. 
5.2.?. Ііпиітц IrU of I lie ulini 
Rending lests ol the ulna wcie can icd oui with hones I rom rabbits led 
LKOI during Ί, (i or 8 weeks. T h e dist i ibution ol the labbits over the 
two gioups antl the durations ol t ieatniem aie ])iesentetl in tabic 5.2.3. 
,./" 
5 
6 
4 
() 
4 
Γι 
11 
12 
8 
11 
!) 
I able ")'2'i Disli ibution ol llic labbiis (>\ci ihc gioii])> 
ρ and dm.nions ol [ιc.ilmcnI ol (] weeks 
For the statistical analysis releience is made lo chaptci 1. T h e li^po-
(heses (esied weie analogous to those described lor the bending test ol 
the ladius, and the same symbols are used. T o begin ivith, in older to 
establish die inlluence ol' t\pe ol (leaimeui, Siudeni's two-sample test 
is pei loi med to test ilio hypotheses: 
"''••η
 :
 /'.ν· = /'«.. (ч = '· ( ) · 8 ; 
Next, in order to establish the inl luciuc of duiat ion ol i ieatment, 
\aiiaiice aiial)sis was used to test the hypothesis: 
Н
Ч
 :
 ."1.4 = . 'Ί.ο = ,"..« ( Ρ = Γ ) · ' ' ) 
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1 lie followiii» coiicsjjoiulmi» coniiast Injjoihescs weie likewise tested 
H l / 1 »PI = "no 
Η,,/.. κ M = "іч 
H l / 4 "p(, = "|.Н 
T i n s was donc in оніеі to establisli wlietlici, within the gionps, tlieie 
me a m dilleienccs bctueen slioitest and medium, shoitest and longest, 
and medium and loiii>esi d inat ion ol i ieatmcnt 
1 lie mean \nlues ol maximal load aie piesentcd in t,il)le 'j 2 1 
,/' 
5 
4 
24 0 
27 1 
β 
24 1 
24 1 
8 
2r> 1 
24 1 
1 \\>\L ι-! I M e m \ilins<>[ in m i n i n n Ioni in ΙκιηΙιηο 
it /ς ioi (IK ^іаирч [> i l i o (¡ гucl^^ di Ік idruiir 
T h e s t indaid deviations ι шдс hom about 1 kg to 1 кц 
Pv dues lound when leslinq Hi,,, (([ — 1 (> S) all exceed 10е
 ( 1 he 
Ρ values lound whin testili» Ηι / ( ) (p — "), (>) all exceed 10' ( too 1 lie 
s une a|)pUes to the conti ist hypotheses 
I he conclusion is that no elicci ol phosphate supplclion on maximum 
load is demonst iahle Noi .ne diücienccs in maximum lo id allei diltei 
t u t din allons ot iieatiiicnt lound 
1 he maximum load ol the ulna allei I KOI uea tmeni exceeds that ol 
the ladius allei allalla ticatinent When Wilcoxon s two sample tesi is 
peifoimcd to test the hvpoihesis that theie is no dilleience in m.iximum 
lo.id between i>ioiips 5 and J on ihe one li.ind and gioups "> .ind 6 
on the othei , the Pv.ilue lound is less than OOOl allei b weeks as well 
as allei S weeks ol tie.itment 
I he dilleience is most likelv to be caused b) a dilleience m sbalt thick-
ness between ulna and ladius, and is iiinclated lo tlie tvpe ol leed οι 
to the othei g ioup dilleience s 
5 3 HISlOI (X.IC \1 s lUl)^ 
5 3 1 Inh odnrlion 
Micioiachogiams and c|unntitative analvses weie used to dcteimnic the 
eflect ot phosphate on the moiphologv ot noi mal bone tissue Cioss-
sections ot the tadius weie taken р і о ч ш ы і and distal to the osteotomv, 
and in «mups '5 and í al coilesponding sites ot die mtaei ladius as v\ell 
I lie thickness ol .ill sections was 100 /* 
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-• ' ^ Н 
^ .
 ч 
^ ^ 
^ 
V 
ч m 
Л 
l igule s. Micioiadiogianis oí cross sections of the radius proximal to the Osteotom). 
Upper two; group 3 animals gi\en no phosphate suppletion. Lower two: group 1 
animals gi\en phosphate suppletion. 
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Microradiograms were made widi the Mueller-Mikro 81 camera on 
Kodak spectroscopic safety film fi4(J-0 (15 min; 20 kV; 30 mA). The 
sections were placed directly on the film, and the tube distance was 
20 cm. Microradiograms of corresponding sites of the osteotomi/ed and 
the intact radius showed no difference. Neither proximal to tiie osteo-
tomy nor distal to it (where an influence of posttraumatic osteoporosis 
could be expected) important differences were found. The microradio-
grams of the intact bones were not submitted to quantitative analysis. 
ligure t. Microradiograms of cross-sections ol the radius distal to the osteotonn. 
Upper two; animals of the group gi\en no phosphate suppletion. Lower two: animals 
of the group gi\en phosphate suppletion. 
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T h e micioiadiogianís ol ihc ]j io\ima] lailins me sliown in liguie s 
(osieoiomi/ed ladius on die lelt, intact ladius on die light) T h e top 
two aie i iom a ral)I)ii withoul pliospliale snppletion, and the bottom 
two I rom л luiihii A\itli pliosph.ite supplction. 1 lie di l ic iciuc is a p p a i e m 
even wilhotit mcasining Ли amoinil ol bone in the shall lias been le-
sorbed as a icsidt ol phosphate suppietion 
1 he microiadiogianib ol the distal ladius aie shown in tiguie ι (ostco-
tomi/ed ladius on the lelt, intact ladius on the right) T h e top two aie 
h o m a rabbit without, and the bottom two horn one with phosphate 
SLippletion. I h e i e aie no evident dil lei cures between the ostcjtomi/ed 
and the intart bone, but the ι abbi ι with phosphate suj3i)letioii lions 
ditlei l iom the one without. 
M k m i a d i o g i a m s ol the pio\iiii.d and distal segments ol the ladms in 
giottps 3, Ι, Γ) and 0 weie snbimtted to quantitat ive anahsis. In gionps 
5 and (), eithei the light oi the lelt leg was used without svstcaiatic 
pieteience. 
'1 he photomicioscopc II and the ηικ io-\ ideomat (see 1 ,S 1 ) wt ie used 
to detcimine: 
1. the numbei ol tanals (lesoijMion sites and Haveisian tanals) р л unii 
01 sui late aiea; 
2 the cioss-section stillate ai ca peiceiiiage not made up ol bone tissue 
(i.e. the sin I.ice aiea made up ol canals and lesoiption sites): this is 
a mcasine of osteopoiosis 
In each section, measuiements weie made at 3 di l leient sites 'i hese 
nieasmeinenls encomp'iss a huge |jait ol the slialt с loss-section, and can 
be legaided as lepieseniaiivc ol the shall cioss-sertion at the sile consid-
eied 
T h e icsults liom 1) ,iie stiikingK similai loi ali »mups and loi ihr 
pioxiinal as well as loi the distal segment. \ppaienil\ lhe numbei ol 
canals is not dependent on phosphate supplelion, i\pe ol (le.ilnient oi 
chuaiion ol i ieaiinent T h e \.dues loi numbei ot (anals weie not sub­
mitted to staiisiical analysis. 
'1 he values foi shall cmss-scc мои sin lace aiea pei ten tage nol made up ol 
bone tissue v\eie submitted to statisiital analvsis 
T h e lollowing vaiiables v\eie iiie.isined 
\ : J he peicentage ol sinlace ,iiea not made up ol bone m the tmss-
seclion ol the pioxiinal ladius segment 
x,,: 'J lie peicentage ol suifacc .uea not made up ol bone in ihc cmss-
section ol the distal ladius segment. 
5.» 2. Sl(üi\li((il analysis 
T h e lactois examined weie aluavs: a. the tvpe ol tieatment, and b the 
duiat ion ol t ieatment. For a desciiption ol the statistici! analvsis used 
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we i d e i to tli.iptei l· Lei the population m e i n ol л \aiial)le in gioii]) ]> 
loi л (liiiatioii ol t iea imcnt ol (| week1, again be indiiaied as « . 
a To establish the inlhiencc ol a t^pe oi t ieatment ahei a g h e n chna-
lion ol t ieatment, a Student lest 01 а і іа іне anabsis, iespctii\e]y, is 
peifoimed to test the Inpotheses. iheie aie no ditfeiences in x, 01 x,, 
between ι he gioups These Inpotheses (an be Glitten in the loim: 
IV „0 : i,u = /(,, 
H
' M ' ' J 4 - "іч =- " J · , = /'.IM ('1 = ( ) ' 8 ) 
Fot ([ = () anti (| = 8, moieovei, the lollouing conesponding contiast 
Inpotheses ,11 e tested: 
И % »„, = «,., (q - b, 8) 
H".., /'-,, ="- ".,, (4 = '·· 8 ) 
' I ' 1 - , » , „ = " „ , (<! = '', 8) 
\ list ol the hypotheses tested .nul the sunbols used is piesentetl on a 
sepal ate page at the end ol this section 
l>\ lesiing hypotheses I''1!) ami Hi,,,, the hilluence oí pliosphaie 
suppleiion \\ithiii the gioups ^Mtii a t u lam t)pe ol Ited can be sepa-
i.itel) established B\ testing ll'ij,,, ilic diUeience in mtluenie ol the 
two phosphate suppletions (*( g/IOO g leed and 4 g/100 g leed, lespet-
t¡\e!\) to the two Upes ol leed vwih ti il lèvent t.iltiuin contents is 
established Willi legaid io ihe last test, the othci gioup tlilleiences 
might also inl luentc the test lesulls. 
b T o establish the inHueiice ol duiat ion ol lieaiment, a Student test 
oi \ai iance anahsis , lespet t iveh. is peiloimetl to test the Inpotheses: 
theie aie no dil lcieiues 111 x, 01 x,, a l tu the dil leient thualions ol tieat-
ment 1 hese Inpotheses (an be \ \ l i t ten in the lovm: 
1 1 1 / Ό ,"l.4 - ,"|.b = " l > » ( ] > - ^- ' ) 
,"i.o = /'..4 IP - ~>> ( ' ) 
Foi ρ = .'5 and ρ — 4, moie()\ei, the lollowmg (oi icsponding contiast 
Inpoihcses aie lestcd. 
H lV, : "•„ - »„о (P = й . [) 
Ы'ч •• /'m = . " .«(Ρ = '5> [) 
H ' M ' 'Ί.0 = " , . s ( P = ' ;. О 
in (his \\л) it is possible to esiablish wheihci theie aie di l teiemes be­
tween the shoitest and the medium, the shoitesi and ihe longest, and 
the inediuni and the longest duiat ion ol t ieatment 
5 3 3. Hcuilli 
The disti ibuiion ol the labbiis o\ei the gioups and \.uious duiat ions 
o£ t ieatment is shown in table .r).3 1. 
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,,/'1 4 6 8 
3 0 5 4 
4 5 4 4 
5 - 5 5 
b - 5 ϋ 
TabL " I J 1 1 ) Ы І І Ь І І І І О П of ilic labbi t s o\ci the gioi ips 
ρ .md ilui.itinii'í (iL ticaliuLiit ol q weiks 
d. Rebiilts iclatmg to tlic pioxiin.il i.ulins segment (vai Libie χ,) 
T h e m e i n lesulb loi х^ aie piesenled m laljlc 3 3 2 
../" 
3 
4 
5 
G 
4 
2.4 
8.8 
— 
— 
fi 
2.3 
У.З 
1.7 
5.7 
8 
1.2 
8.4 
2.3 
8.0 
l a l i l t "ι'i'_' IWian \alues ol \ ( p c u c n l a g c oL sin lace 
aica m cioss s((ti(>ii nol nuidc u p oL bone tissue) Loi 
g ioups ρ altci q ueek-> ol t u a l i u e n t 
Die blandaul (le\iations gcneialK amount lo at least hall the mean 
values. 
I he Ι'Λallies loinul when testing the lb,, hypotheses (c| = 4, d, 8; 
j r= 0, 1, 2, 3) with legaul to \ 1 aie piesen led in table 5 3.3. 
,/Ί 4 G 8 
0 < 0.01 < 0.01 < 0.01 
1 - 0.03 0.01 
2 - > 0.10 ().0() 
3 - >0.1() » 0.10 
I able "ι ,ΐ Ί Γ \;ilü<_-. found u h i η ((Ming Нч u n i i 
icg.lid lo \ 
'Hie P-v.ilues louiid when testing the Hi',, hypotheses (ρ = 3, I, 5, G; 
j = 0, 1, 2, 3) with legaid to \ | alle exceed lO'V 
T h e conclusions aie the lollowmg In the allalla gioups, lesorpnon ol 
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coitical bone in the pioxim.il laclius segments incieases signilicantl) as 
.1 lesult of phosphate snpplciion. In the groups led I.KOI, lesorption 
probably inci eases in tesj^onse to phosphate Compaiison ot the gioups 
with phob))haie supplction lexcals no (Iciiionsiiahle сІіІГегеіке (testing 
of Нч
в
,). 
Ditfeient clnrntions of phosphate supplction dining the pei ioti Ί-S weeks 
evidently does not influence resorption in a di l le ient way; noi aie 
di l leientes between di l leient duia t ion ol t ieatment demonstiable in the 
groups without phosphate suppletion. 
b. Results ι elating to tlie distal lachus segment (vaiiable x,,) 
The mean lesults foi \
u
 aie piesented in table 5 3 1 
,./" 
3 
4 
5 
β 
4 
3.9 
11.5 
— 
_ 
6 
2.3 
146 
1.3 
4.9 
8 
4.1 
10.7 
2.8 
8.5 
Т.іЫс "> 3 4 Mem \aliics of \ (pcuenlagc of sulfate 
•tua in doss sedioli not made up ol Ixme tissue) loi 
gioups ]) .itici q weeks of tieatment 
Again, the standaid deviations generalh a m o u n t to at least hall the 
mean л allies 
' I h e P-\alues lound when testing the ll'i, hypotheses ((| = 4, (>, 8; 
j = 0, 1,2, 3) with icgaul to \
u
 .tie piesented in table 5 3 r>. 
j/q 4 fi 8 
0 < 0.01 0.03 0.02 
1 - 0.08 >0.1() 
2 - > 0 . 1 0 > 0.10 
3 - > 0 . I 0 > 0.10 
1 able "ι1!") Ρ \alues lound лхіісп icsling Hi| uilh 
iL^aid to \ 
T h e Рлallies found when testing the Hi', , Inpothcses (JJ =, 3, 4, 5, b; 
] = 0, 1, 2, 3) with icgaul to x,, all exceed 10°(). 
T h e conclusions aie the lollowing In the allait.) gioups, an eltect ol 
phosphate is demonstiable also on the distal laditis segments, at least 
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j l ie i 1 weeks. Allei 6 and 8 weeks the i n n ease in lesoiption is less e\i-
dciii Wlietliei ine leased icsorpiioii <ilso exists in the L K O I g ioup is 
not demolisti able 
Compaiison ot the two gionps with pliosj)hate suppletion icveals no 
demolisti able diiieieiKC 
AVc cannot discern a difteieni ctfect between diHetent d inat ions ol 
phosphate suppletion d u n n g the peiiod 4-S weeks Noi is ,i dil leience 
between dit leient dinat ions of t iealment demonstiable in the groups 
without phosphate suppletion 
SUMMARY 
Phospliulc siipplelton oflni has и drmonshublc effect on t/ic mot-
phology of //if bone Intitc In I he alfalfa gionps, jcsoi plion of bone 
tissue inoeases in the pioxunal \adius segment upon ріючрііаіс supple­
tion; tins is piobably also the case, but much less eomuiu ingly, in the 
I KOI gioups Siniilai dianges aie nbsnmd in the distal uidim segments, 
but the diffciences aie gcneiullx less exndent, and the I KOI gionps in 
f (id show no significan I difjnrme at all. 
The nuinbei of canals pn smfaie unit of the cioss-section has not m-
cieaied The changes in bone lescnption cue not mamfeU m a change 
of the lesulls of bending tests as applied to the ladius and pioxunal 
segment of the ulna. 
A diffeient effect of diffeient dinations of tiealiuent is not ducamblc 
in any way. 
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LIST OF HY1OTHESLS TEST 1 1) IN SUBhECTION 5 . 3 . 3 . 
a. Examination of the influence of type of tieatmenl 
Hypotheses: H'i
nJ (| — 0, 1, 2, 3, q = 1, 6, 8) 
Hypothesis: 
1 0 
I 
2 
3 
№..„ 
H"«» 
Нч,,, 
H'i„, 
H ' I , , 
,"•14 = ,"44 
," іч = " і ч = , " ί . | = ," 
/Ι,, = /и.. (q = 0 ' 8 ) 
,»ІЧ = , " . , , (я = 6 . 8 ) 
"4ч = »*., (q = β . 8 ) 
/'«,, (q = г·. 8) 
li Examination of the influence of dination of heatment 
Hypotheses: Ηι>/0 (j - 0, 1, 2, 3; ρ 3, 4, 5, fi) 
Hypothesis· 
І = о 
i - ι 
I = 2 
I = з 
H",;() 
Η " , , 
HiV, 
H'V, 
/',* (Ρ = 3. 4 ) 
,"ι>ο = /'ps (Ρ = 5 ' 6 ) 
,"P4 = ,",>(, ( P = 3 . 4 ) 
,"P4 = "MS ( P = 3 . 4 ) 
,"i)6 = ,"PH ( P - = 3 ' 4 ) 
SYMIIOLS USLD 
H'V, 
index ρ 
index q 
index ] 
hypothesis on influence ol u p e of ti eat meni. 
hypothesis on influence ol durat ion ol treatment. 
ι elates to the type ol t ieaiment (p = 3, Λ, 5, fi) 
indicates the durat ion ol t ieatment (q = 4, fi, 8) 
indicates the hypothesis (| = 0) oi conn ast hypotheses (j = 
1, 2, 3) tested 
populat ion mean ι elated lo the g i o u p ρ л іііі a duia l ion of 
treatment of cj weeks. 
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C H A P T E R β 
DISCUSSION A N D C O N C L U S I O N S 
fi.l. DISU'SSION 
Inmganic phoîpliale ami (nulutc healing 
A few decides ago, the elleci of inoiganir phosphate on Irnrtuic healing 
has been the subject ol many animal expciiments and clinic.il studies 
(Haldeman and Moote H).'M). Attempts wcie made to obtain a la\oii-
lable ellect on l i a t tu ie healing by local application ot (¡ilriuin and 
phosphate (Allbee and Momson 1920; Eden 1923; Murray 1981) and 
b\ alte) ing the lalcium.phosphate lat io in the sei um (Tisdall and 
H a n is 1922; Peteison 1921), olten b\ athninistration of pa ia ih \ io id 
extracts (Ravdin ami Mon ¡son 1928; Speed 1931; Diagstedt and Keanis 
1932). These expciiments and applications Lailed to produce unequi-
\ocal ι esu I is. 
O n the olhei hand, it was established with (ertainly that calcium and 
phosphate delicicm ics under ceitain chcumstanccs unla\oiiiably in-
lluence l iacluie healing (Uiist and McLean 1961; Copp and Cieeiibeig 
1915; Doepínei 1970). 
T h e geneially accepted clinical view is that callus loimalion is a piocess 
haully susceptiljle to un!a \ouiablc inLluences, and ceilamly uniespon-
si\e to attempts to piomoie it b) sii]>pletioii ot inineials (McLean and 
Urisl ПИЯ; Böhler 1907; Mat/en 1907). Goldsmith et al. (1907), how-
ever, believed to ha \e observed a lavouiable ellect ol ])hosphate on 
hac tu ie healing m a clinical stuch. Theii lepoi t le-opened the dis-
cussion ol this question. 
In this thesis the ellect ol phosphate suppletion to two di t te iem types 
ol leed on ladius liactuies in laliliits is studied. Neithei on the mechani-
cal characteristics noi on ι lie moiphological development ol callus i\as 
any ellect deinonstiable. T h e lesults obtained in eailiei gioups led 
exc lusneh .lilaila meal, suggested that d i inng j^hosphate suppletion 
the aniotint ol caitilagc louncl allei 1 uecks ^vas less than that in 
commis, although the amount ol t iabecular bone was believed to Іы\с 
incieased Also in this cxpei iment, a significant incieasc in breaking 
loice was louncl altei 0 weeks in the phosphate g ioup (Nollen and 
liijvoet 1971). 
Extended expeiimcnls and application ot moie exact ciiteiia tailed to 
accentuate the chlteience between labbits t ieated with phosphate and 
control gioups. In vieiv ot these lesults it is no longer possible to 
118 
suppoit the view that phosphate suppletion should promote Irat ture 
liealing. 
I not gun ic pliospliale and bone leniodellnig 
In-vivo observations in ihyroiclectomi/ecl and paiathyioidec tomi/ed 
animals (Perhet et al. 19()7; Cai roll and 1'echet 1У67; Milhand et al. 
19()8; Feinblatt el al. 1970) as well as in-vitio observations (Rais/ et al. 
19()9) coi lobulate the hypothesis that phosphate suppletion enhantes 
bone loimation. 
In \ie\\· ol these Undings it was assumed that phosphate suppletion 
pioduces an analogous elicci in human subjects, and that hypotalcaemia 
(if piesent) icsults h o m stimulation ol bone ionnat ion (Goldsmith el 
al. 1%7, I9f)9; Goldsmith 1970). 
Moie leeeni studies by Shah et al. (1970) and Reynolds (1971), houevei , 
lailed to ( o n l i i m this elicit ol phosphate on bone Ionnation. Moi cover, 
incieascd porosity ol the bone was in l a d leported aller administ ia l ion 
ol huge doses phosphate in noinial hoiscs (Kmok et al. HXi.S, 19(Ί4) 
and noi nial labbits (Jowscy el al. 1972). 
In the study desnibed liei e, phosphate pioduced an el l e d on the bone 
ol normal labbiis chicl i ivas identical lo that desdibed by )ov\sey 
et al. (1972), namely: incieased poiosily, which A\as moie maikcd in 
the proximal than in ihe distal segments ol the bones examined. Local 
dilleicnccs in bone remodelling aie known to OCCHI under noi mal con­
ditions (Dhem 1963; Vincent 1955). U n d e r these noimal conditions, 
bone remodelling is subject to mechanical stress, on which the et leds 
ol hoimonal legulation (e.g. by para lhormone and calcitonin) aie supci-
posed (McLean and Uiisl I9()l; H a n is and Heaney 1970). In the rabbits 
given no phosphate suppletion, the distal segments u e i e lound to 
contain more osteons than the pioximal segmentò. 
In the labbits g h e n phos|)hate, the inciease in poiosily musi be ascnbed 
to incieased lesorpiion. Unclei similai condilions, Diakc et al. (1934) 
and Kmok et al. (1963, 1901) obserxed hypeiplasia ol ihe parathyroid 
glands. Reiss (1909) lound an incieased sei um concenti ation ol imimino-
ieacti \e paia ihoinione in human subjects given phosphate. Ί heie aie 
theieloic sound reasons lo suppose that the intreased bone icsoiption 
results h o m secondary hyperparathyroidism. )uwsey (1972) explained 
her lindings on the same lines. 
T h e number ol canals pei cioss-scdion sin lace aiea was the same in 
phosphate-treated animals as in the controls. This would seem, lo imply 
thai, upon phosphate suppletion, a n u m b e r ol doimant structuies aie 
attivateci. That is to say: the n u m b e r ol osteons with active remotlelling 
has incieased. Jowsey (1972) o b s e n e d .in incieased nuinbei ol canals, 
but she measuiecl the lesoipuon cavities whereas heie all canals, in­
cluding those leprescining the Haveisian canals were counicd. 
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Pliosjyìiate ntpplctiou dosage 
In the siLid) clesciibcd, ihe clos;ige of phosphate siippleiion WAS lower 
i]i;in ih.it lepoi ted in se\eial othei expeimienis (Jousey 1972, Kiook 
et al. H M , 1%-1; Fouim.iii 195'J; Claik 1971); l ioue\e i , tlic dose ol 
phosphate administeied in these expei imenis was extieniely l.ugc, and 
comp.nison with ¡іссерілЫе Iiuman do.ses is theicLoie impossible. In 
these expeimients a subbi.intially smallei .iniouni ol phosphate was 
used, bin taken per kg body weight ncveitheless about ei^ht times as 
much as Goldsmith did was given. On the othei hand, theie is the lact 
that a labbit 's dietaiy intake ol phosphoi us pei day and per kg Ьскіу 
weight is about ten times as laige as. tlie a\eiage h u m a n ¡make; the 
phosphoi us suppletion used was thei clore in l a d ι datively lov\ei. 
Alter () and alter 8 weeks, the all alia g ioup vwtli ])hosphate suppletion 
showed detei ioiation ol the geneial condition but no dilfeience in 
callus healing. T h e l .KOI gioups certainly showed no deteiioiation ol 
the geneial condition due to phosphate suppletion, and the bod\ weight 
lemained noiinal. 
As in JoubC)'s expei imcnts, ι he phosphate suppletion (I g 100 g and 
.S g 100 leed, lespeuivcly) evidently alteied the talc ¡uniiphosphoi us 
j.ilio in these gioups. Jowsev wioie: "We have been able to show that it 
is an excess ol phosphate over calcium that is unpor ian t" (loi phosphate, 
lead phosphoi us). T h e ni.ijoiity ol auihois, howevei assume, that an 
unlavouiable d i e d is obtained when the phosphate suppletion altéis 
the talciumrphosphoi us la t io meidv tot 1:1 (opiiinal values being 1.5:1 
or 2:1; cl. Millei el al. 19(>2; Shah el al. 1907, Reinhaidt et al." 1909; 
Wilcox et al. 1901; Day and Dilwoiih 1902; Claik el al. 1907: Claik 
1908). 
However, the Undings piesen led in this thesis wai ian i the conclusion 
that it is the degree ol phosphate suppletion la ther than the calcinili: 
phosphoi us laiio that is impoiiani . Moieovet, а с alcium:phosplioi us 
latio ol 2:1 is not always optimal, lor the conuol diet (l.KOI) had 
viilually the same calcium ¡phosphorus lat io as the allalla diet with 
phosphaie suppletion (2.5:1 and 2:1, respectively). Yet at this so called 
optimal ca louimphosphorus ratio phosphate suppletion caused poiosiiv. 
Suppletion to LKOI up lo а с alciuiii:phosphorus latio ol vnlually 1:1 
likewise caused poiosity. Thi s means thai the l a d that unbound in-
oiganie phosphaie was suppleted is ¡mpoi tam — not the calcium:plios· 
phoms latio noi the absolute calcium and phosphoi us contents. In the 
case ol phosphate suppletion, the supposition that the calcium:phos-
phoius latio is optimal at about 2:1 is not valid. Th i s is why studies 
in which the cale iuin:pliosphoi us ratio was alteied by phosphate sup-
pletion, should be levised. An excellent example is ι he studv published 
by Jowsey et al (1972). 
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Feed plios¡)lwiUi (огкепіиііюп 
T h e phosphoiiis ( o m e n t i , m o n m the contiol alLiILi leed w.is O 2 5 " 0 — 
.1 value closely apjiioxini.mng the mmimimi l e q u i i u n e n t of ( ) 2 7 σ 0 <is 
set b\ the U S National Wadeim ol Sciente (lOOb) M.ithieu ami Siimh 
(1961) calculated the minimum lequn einem io be 0 22'
 0 — 1 he el icti 
ol this almost phosphate del i n e n t leed was not lellectctl in the callus 
development No signs ol diminishctl oi ic ta ided inmeiahzat ion weic 
ohsened I he test annnals wcie adults, antl ,ι diiect ellect v\as theietoie 
])eihaps not to he cspcrted e\en il thcie hatl been senous phosphate 
delicienc) LTiist and M c l t a n ( l ' I l i ) also lepoi tcd no ellect ol a 
lac Imogenic diet on the tallus in adult lats 
Types of feed 
Ol the l u o i}pes ol leed used (allalla as meal oi pellets and L k O I ) , 
the LKOI was best toleiatcd by the labbits .is indicated by weight loss 
and geneial condition Also with I.KOI, the dianges m tensile stiength 
altci 4, () antl 8 weeks wete mosi giadual In the allalla gioups the 
comse ol these \aliies w<is less giadual, and pai ticulai ly aftei phosphaie 
suppletion the л еідіи loss was subianiial LHiimalely (ι e. altei 8 weeks) 
iheie was no longei a di l le ienre m tensile stiength between the LKOI 
and the .lilaila gioups 
I he histological leatuies ol the callus w o e not di l lc ient with the dil-
leient i)])es ol leed In leims ol bone lemodcllmg, i.ibbits gi\en allalla 
did not chllci lioni those led LKOT We aie theieloic inclined to con 
chide th.it, on the whole, I KOI is to be pi d e n ed to allalla m leims 
ol geneial condition 'I he peculiai couise ol tensile stiength values 
o b s e n c d m the allalla gioups is m agieenicin with thai desdibed b\ 
I imlsa\ et al (Ι'Π'Ι) and Mc Кеоімі et al (l l)S2) loi bending lests ol 
the tat libul.i, I-alkenbcig (1%I) asciibed this couise lo the influence 
ol the leed and the genti al condiiion 
Salini plioìpluttc and sei imi (aleniin levels 
Sci uni phosphate and ьсііпп calcium levels weie deiei mined m oidei to 
gam some impiession ol the e l lcu ol phosphate siippleuon on these 
values Uoniing ι e poi ted .is c.ulv as 11)52 thai an mcieased phosphoiiis 
(onient ol ihe leed is lellcciecl m the seium phosphate values In ihe 
stucK ol |owse\ et al (l<)72), the ellect ol phosphate suppletion became 
appnient m the sci urn values T h e same was obsened in this study 
Suite the sei um phosphate level is highlv dependent ol leeding times 
seium phosphate values wcic deiei mined, not in lasting animali) bin 
while noimal leeding continued (it is to be noted that the i.ibbits weie 
allowed to cat all dav long) 
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I n i lm c x p t i i m e n t the sei u m phosphate level was distinctly i n u t a s e d 
in the gioups with phosphate snppletion T h e phosphate suppletion 
must have caused a dcciease in (a ld i im contei i t iat ion, e\en though m 
this siud\ it did not b u o m e a p p n e n t until altei 8 'ueeks, in the allalla 
gioups I he paiatliMoids l e a d to hypocalcaemia by secieting parathoi 
mone, as a icsult ol which bone icsoiption increases ( C n l l a i d l() r)5, 
|o\\se\ et al 1958) I he mcieased bone icsoijition and the cflcct ot 
p a i a t h o i m o n e on the kidne\s icstoie the calcium lc\el to noimal, 
<md ц nia\ well be that no s i g n i l u a m changes m sellini calcium values 
aie lound T h e decie.isc m seium calcium d u n n g phosphate suppletion 
mav be ι elated to piecipitation oí calcium phosphate m soft paits 
(nietastatu cale ihcations) oi sequcstiation ol calcium phosphate m bone 
tissue at the site of )oung osteons and giowing apati te cnslals (Shackne) 
et al 1()()7 Gaiey et al 1908, Spaulding and VValsei 1()70, Eistnbcig 
J()7ü, Dent 1472, Jowsev et al 1()72) Piecipitation ol calcium phos 
phtile in the kidnevs leads to ien.il damage (I-oinman 1050, k iook et ,ιΐ 
10()H, I0()l Vippeinian et al I0()0, |ouse\ 107*2), as a lesult of which 
ihe seium phosphate level incieases fuithci and the seium (alciiim 
shows a l inthei decie.ise, this was obscivcd altei 8 weeks in the all.ilia 
gioups \ pielimm.iiv sttich made ol the stale of the kidneys in the 
labbiis used in this c\pei imeni, has not been snlficienih extensive ю 
w a n a n t dcliniie comhisions and must bc lelt tmdisctissed heie 
Mtlhods of imieUioiitio)! 
L'nhke ncailv all othei expenmenta l and clinical studies, this stud) 
ine luded qu uuiiativc dctcimmaiions made in an optimally lepioduc ible 
lest a i iangement m v\Iiich local l e q n n e m e n i s ot асіесціаіе l iacluie heal 
mg weie lulhllcd (Г.оіііеі lOj'í, 10()7 De Palma 1950) λ compaiativc 
clinical sludv ot t i a c t m e healing based exclusivel) on ladiogiajjhv and 
a tew clinical signs ol consolidation (Goldsmilli et al 19h7) is possible 
oui) il l iacluie healing has been changed extremely And this is 
ceiiainlv not achieved bv phosphate suppletion Louis and L)iiiig 
(1970), using ladiogiaphs and clinical e n t e n a , found no chlleiences in 
healing between chilchen with Icmoial l iactuies with and without 
phosphate suppletion 
Radiogiaplit 
In this sludv ladiogi.iphs of the laclius osteotomy (veiy deiailed n d i o -
giaphs obt.nned with ihe Senogi.iphe, Glos ІЧ(ІЗ) weie compaicd with 
tensile stiengih v lilucs \ smul u bin not veiv cnlical studv v\as с.ипсс! 
oui eailici bv Hablei and Reiss (10i(i), who lound thai ladiogiaphs 
.ue not an acceptable c i i tenon ol the bicaking stiengih ol ñacunes 
I his is undeistood in clinical woik, neveithclcss ladiogiaphs aie genei 
a l k used — u n i i gicai piiicUiito as a measine ol consolidation How 
e\ci, this stiid\ demolisti ated dial die use ol ь к і ю ц і а р і ь as a ci ι tenon 
of consolidation (atte) (> and 8 weeks) uitai ls an cuoi which is p m b a b h 
in the oidei of 30—10'
 ( 
\ p a i t h o m the e n t e n a ol callus lonnat ion, it should be pointed out 
with іецані to clinical investigation thai onl) hactuies ol ideiuital t\pc 
and loc.di/ation can be comp.ned (Ke\ and Conwell 1912, 1058 Ноли; 
Laid and States 1%7) Such studies iheieloie, would icqui ie vei) l.nge 
t^ioups ol Mituall) identic.il l i.itlines 1 he study ol Goldsmith et al 
(1%7) does not lullil this iccjunenicnt c i t h u 
Mecltanual tnelhod 
J he e \ p e n m e n t a l dala on die mechanic.d chaiactcnstici ol callus 
geneialh sho^v good agicemcni with those ol l a l k e n b e i g (1%1) T h e 
\ahies loi the total h. ici ine suilace aiea in the allalla gioii))s aie in 
the same oidei as those teptnted In Falkenbeig T h e \ahies in the 
LK.OI gioups aie snbstnnti ill) highei because die animals л\сіе oleici, 
and the diametei ol the lacláis was lai gei 
T h e bieaking l o u e allei f and 8 weeks concspondecl well wah Falken 
beigs data so lai as the allalla gioups weie concerned Aftei b weeks, 
the \alues in this expeiimeni weie lowei The values of the tensile 
stiength coi responded well wilh those ol I .ilkcnbcig, in the allalla as 
well as m the I KOI gioups I he l.ugei callus diametei with a thickei 
shaft pla)s no iole m tins icspccl Mici 1 md (> A\eekb the values in 
this c\peiinicii t weie slighlh highei because the bieaking loice pei unii 
ol ellecti\e suilace aiea \\.is calculaicd la lkenbeig used the total 
suilace aiea, and this gives less l ixouiable data on tensile stiength 
Hi\loloi!ual inelhod 
о 
T h e histological leaiines on which dus stuih locused concerned callus 
composition, callus s in i i tu ie , mil tlie lelaiionship beu\een sinici iual 
changes, changes in composiuon, and нк leased tensile stiength We 
know of no compaiable cjiiaiiiiiaine siudies ol callus composition 
koskinen s Ime sampling method (1WI) is not sullicientlv іеІіаЫе 
Oual i ta tn el), the collise ol the changes m callus moiphologv was ihe 
same as that desenbed bv otheis ( l lns l and McLean 1941, Lnneknig 
1948, H a m l'Jò'J) Rei.ii dation ol mincial i /al ion was not obseixed 
dining the ossification piocess I h e typical leatmes ol subpenostcal 
angiogenic ossilication (Kiompcchei 1947, Couteliei 1909) w e i e o b s e n 
ed 
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Callus stìiictuìi' 
Falkcnbcig (1961) poiniecl out the inipoi lance of ι elating liieaking loice 
to сюьь section 1 he icMilts ol tins stiuly clemonstiate thai u is useful to 
iclale to eftectne sui lac с aiea lathci lhan to total cross section 01 total 
sinl.ire .uea Moieo\ci, the photogiapluc method used to cleteimine the 
e l l ec ine biniate aiea also elucidated с е н а т aspects ol callus st iuctuie 
l i \\.is . ihe.ah known that the inciease in tensile stiengLh is not detei 
mined onl\ \>\ ihc amount ol hone ussuc oi the degicc of mineiah 
7,itioii (Lhist and McLean 1441, Falkenheig 1401) Changes m callus 
oig.ini/aiion have alw lys been held lesjjonsible in this lespeet By photo 
g iap lung the callus h a c l u i e suiface and c o m p a i m g these ])hoiogiaphs 
wnh the nucioiadiogiams, could be demonstiated that, so lai as the 
uigatu/aiion is tonceined, it is especialh the connections between callus 
and osieotoim sin lace and tliose between the iwo osteotoim sin laces 
that aie ot nnpoi lance 
Posili aìtmalic очіео/ті ом s 
Neithei ladiological noi inicioiadiogi.iphic signs of posttiauniatic osteo 
poiosis \\eie tound m ihcse expeiiments I his is not sinpiising, because 
histological ohsei\.liions weie not made until altei 1 weeks, and because 
no iiinnobilization was netessai) Geneially, signs of posti iamnatic osteo 
poiosis should become visible soon allei h a c t u i e oi osteotomy, and 
pai tic ulai ly il immobili/.ition weie i c q u n e d (Ruideaux and Hutchison 
1%S T i ueta and (a\. idias 1455 I асіоіч I % 3 , 1%1, ( hapchal 1960, 
1')()!, I)e Na\ei 1909) None ot the obsenat ions t o n l n m c d Goldsmith' 
content ion (19()7) thai phosphate suppletion leduccs posit iaumatic 
osteopoiosis Howevci, m these expeinnents the histological st iucture ol 
the distal metaphysis (the most vulneiable р а н ot the bone in the case 
ol osteoputosis) was q u a e noi mal in the osteotomized i.idius, and equal 
to that m the intact i.iilius An intluence ot phosphale was indeed de 
monstiable at these sites, but in a sense opposite to that indicated b) 
Goldsmith In the distal diaph\sis and nietaplmis, loo, phosphate 
caused an inciease m lesoiption 
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2. (.OM.LLMONS 
Suppletion oL inorganic phosjjhatc in l u o d i l lc icm doses to ι wo 
dil leieiu types ol feed had no demonstinble el lett on calili!, develop­
ment in rabbits, either in mechanical οι in inoiphologital teims. 
Suppletion ol inorganic phosphate caused mcieased lesoiption ol 
normal bone. 
In suppletion oí inoiganic phosphate, it is noi the <.<dciiim:plios-
phoius la t io nor the calcium and phosphoius contents ol the teed 
that aie i m poi tant, hui the amount ol inoiganic phosphate sup-
pleted. 
A Uansient clfect ol the t \pe oí leed on callus de\c lopment is 
stispeded in \'iew ol the changes in tensile stiengih in the (ouise ol 
time in the allalla gioups. 
Radiogiaphs aie a veiy unieliahle ciiiciion ol h a d u i e healing and 
consolidation. 
Enlaiged photogiaphs ol the I i a t iu ic suilace oí the ctl lus deinon-
sliale which pai l ot the callus cioss-sec.lion is eilec live. Moie acculale 
calculation oí the tensile stiengih is thus possible. 
The increase in tensile stiengih ol the callus cannot be explained 
solely by an incieased amouni ol mineial i /ed tissue but is lelated to 
the callus oigam/al ion, in ivhich the loimation ol conneclions with 
the osteotomy suilaces and between these suilaces p io \es Lo be \e iy 
impoi tant. 
In view of the absence of an eitect ol phosphate suppletion on 
Iracune healing, and in view ol the u n b n o u i a b l e ellecl of this sup-
pletion on bone icmodelling observed in this study, the ellicacy ol 
inoiganic phosphate suppleiion to piomote l iacture healing in 
human patients must be regaicled as highly doubt lul . 
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SUMM VRY 
In lins thesis the cüect ot su|)|)letioii ol пюіцашс і)1іоь|Лі.ііс ou callus 
loiiiKition (l iactine Iie.ilmg) ind bone icniodclliiiir is quaiu iu i ive l ) 
assessed 
CJi.iplci 1 piesciils a suive) ol cui icut views on с dins lonnation and 
discusses histological aspects mmeial i/Uion and inechanieal t h u a c t e i 
isiits ot callus lonnation In addition it icwews local and svsiemu 
tactois v\liieh inlhicnie callus lonnation I 'osttiaumic osteopoiosis is 
discussed in a stpaiale section These data horn the htei. it ine lead to 
the conclusion ih.it callus loim.iiion is a i c l a t n c l ) piinutive, autonoin 
ous piocess which — d the p u n i in local sUualion is l a u n u a b l c takes 
a nonnal coline I he piocess ol t u e l ine healing lakes a high degiee ol 
p n o n t v among othei ph)siologic <il pioc esses, and is nol disluibcd until 
seuous delieienties pievail 
Chaptei 2 diseusseb the ic\i\al ot inteiest in niente une phosphite and 
its use in disouleis ot the calcium and phosphate metabolism In this 
context, the question whethei phosphate stippleiion can taxouiabl) 
mllucncc hactu ic healing and posit iai i inam osteoporosis is ie opened 
Data t iom clinical studies aie not sutt icienth icliable loi adequate 
assessment It is pointed out th it eilerts ol phosphate suppletion should 
be studied in iel m o n lo die d i e t a n c.deuun .nul phosphoius contents 
and the calcium phosphoius n i n o 
Chaptei 'i piesents the [noblem statement and discusses the composition 
ol the diet It descubes the lesi anange ineni md gives a s u n c \ ot ihc 
methods used I he lesults obtained aie then piesented in chaptei s 4 
and 5 
Chaptei 1 anahses, to begin with, the lesults concemmg the ellect ot 
phosphate on callus lonnat ion With none ot the leetls used did 
phosphate suppletion cause a m demolisti able с h i n g e in the e oui se ol 
callus t o i m t t i o n eithei in mechanical en m histological tenus V Hans 
lent ellect ol the i)pe ol leed on the inechanieal aspects ol callus 
lonnat ion is suspected Detailed cvumiia i ion ol the callus l iacluie 
suilace with the aid ol enl.ngcd suilace photogiaphs leads to the con 
elusion t i n t connections between с dlus and osteotoim sin I ice and 
between the two bone tiagnients aie an n n p o i t a m laetoi in the oigani 
/anon and s t i u c u u e ol the callus 1 he lesults ol ladiological assessment 
ot l i a r t u i e healing (still wideh used m clinic il woik) aie tompaied with 
die lesults ot tensile siicngih tests It is ewdcni thai exen o p t n n d lacho 
giaphs obi lined with the aid ol appaiatus n o t m a l h used m mainino 
giaphie, aie unieliable is a c n t e n o n ol h a c t u i c healing \ discussion 
ol sei uni e ileiuin and sei tun phosphi te values concludes this chiptei 
T h e phosphate dosage used alteets the scium phospliate level 
12Ò 
C.h.ipici j desdices the ettect ol phosphate siippletion on hone ic-
inoclcMin^. The bending test ie\eals no diüeiences, bin inuioi.ulio-
£iapln SIIOÍ!^ thai .iltei phospliate stippletion the poiositv mtie.i^cs .is 
a íesult of ¡neieased lesoiption It is not the calcium.phosphoi us latio 
that pio\cs lo lie impoitant , but the l a d that moiganic pliosjih.itc has 
been added. 
Chaptei (Ì piesenls л discussion ol the lesults obtained and the conclu 
sions ih aw η h o m these Inulmgs. 
S U M \ V \ T I I M , 
Hel elice l Nein sujipletie \.іи aiioi^.inisdi iosi.i.ii op c.illiib\oiiiiing (Ιι;κ 
liuii^eiie/iiii>) cu been ombouw ueicl kw.uilii.mei »есп.ііиеені. 
in hooklstuk 1 weul ecu best liii]\ mg цс.цсчсп \.in ile \igeicncle m-
/idiien o m i i e m c.illib\oiming· hislologischc .ispedeu, minei.ilis.itie 
en met lunische eigcnsrb.ippeii \,iii f,illiis\oiiiinig •ueidcn bcspioken 
D.i.nibi.ist we ui een о\еі/н1и ge«e\en \ .m l.ictoicn, lok,ile en .ilgemcne, 
•welke \.in inxloed /ipi op c,ilhis\oimmg In een .ipaite p.u.iguuil л\еиІ 
de posiliauin.ilisclie ostcopoiose bcspioken De gegevens uil de litici.iluui 
\ocic'n ιοί de gevolgiiekkmg, tl.ii (allus\oi iiung een \ i i | piimiiief en 
•iiitonoom pio(es is, (Lu — nuls чокі.ып woult ,ι.ιη ten pi un.in lokaal 
gunsiige siui.iiie — een nonna.il beloop lieeli. Hei pioces \.ιιι <le liac-
luuigene/ing heell een hoge pi ion ien lemidden \.ιιι andeie plnsiolo 
gisdie piocessen en woull ])as Ncisiooul dooi einstige delu lentics 
Ju hooldstuk 'I weul a a n d a d i i besteed aan de lieinieuwde belangstelling 
\ooi anoiganisdi loslaat en de loepassing l)i| stooinissen ni de cakiuin 
en loslaailiiiisliouding In d u kadei komi ook opnieuw de Maag aan de 
ouïe oi loslaatsuppletic een gunstig e í l eu kan hebben op l i a d u u i -
gene/ing en posii iauinalisdie osteopoiosc De gege\eiis uit klinische 
studies /ipi niet xoldoende betiouwba.u om een goede beooi deling т о 
gelijk ie maken 1· ι woull op geweven, dat een ondei/oek naai de el 
l e d e n \,m losl.iaisuppletie besludeeul moet wolden met n iad i tnemmg 
\aii hel calcinili en losloigehalie in hel \oedsel en de (.il( nun Іоьіоі 
Litio. 
In hooldsiuk Î5 weid de piobleemsiellmg bcspioken, \ei\olgeiis de sa 
iiiensiellmg \ an hei \oe(lsel Ten sloite de pioelopsielling en een o\ei-
/ i d n \aii de geljiuikie meihodieken. De lesuliaten \ an hei ondei/oek 
\olgeii in de hooldstukken 1 en J. 
Hooldsiuk I be \a i alleieeist de lesuliaten heli el lende hel elled лап 
loslaat op t.illus\oi ming mei een st.itislisdie anahsc . l 'oslaalsuppletie 
\eiooi/aaki bi | geen \an de xoedselsooi len een aanloonbaie \eiaiidc'iiiig 
\an hei beloop \aii de ( allus\oi innig, noch wal heli ell de mee hanisdie, 
n o d i λ\.ιι beliel i de lusiologisdie .ispcdcn. Feu \ooi bi)gaaii(le imlocd 
λ an het NOCI o]) de medianisdie asjw'den van de callusxoimmg weid 
леітоесі. Геп nadeie besdiouwmg \.in hel bieuk\l.ik \aii de (alius, 
Wit.nhi] gebiuik weul gemaakt \an veigioie op])ei \ laklclotos, NOCH tot 
hei in/itht dat een belangt i|k .isjiccl in de oiganisatie en sliuctiiiu \aii 
de callus woull gevoiind dooi de (onnedies \an de (аііііь mei hei 
osteotomies lak en de both agmentcn ondei lmg. T)e ι esultateli \.ιιι de 
m de kliniek nog \.i.ik gehanieeule lonigenologischc beooidchng \aii 
hac luuigene/mg iveulen \eigcleken met de lestilialen \.in de lick 
steiktebepalnigen Hei \\.is e\i(Ient, dal lontgenloto's onbeiiouw baai 
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w.iicn, /cils д\.тіісеі о р і ш ы і е ІоіоЧ met behiilp \ . т een т . т т і о -
gi<i]j]]ie<i|)|><ii<i(inii weiden geni.i.iki l o l sloi \,m iln huoklstuk \υ1»ι 
een bespi ekmg \.ιη tic ъсмші c.ikiiiiii en IOSI.I.UW.MI ilcn I)c gcbniiktc 
doscimg losl.i.u licclt ecu cilcct op hel sci imi loshi.itgcli.ilic 
Hooldstuk г) geelt een hese hii |\iiig \<m hel e l l ed op de botonibouu 
])e buig]jioel toont geen \eis(hil ЛГц loi.idiogi.ilie eihtei Li.il /icn, il.it 
dooi losl.i.itiuppleiie tie jjoiosiieit toeneemt ten gevolge \aii cen toe­
name wi l tie lesoiptie Niet tie t.ilcium losloi i .mo blijkt \,iii bel.ing 
te /ijii, tloth het leu tl.it .moig.miNth losla.it is toege\oegtl 
De tlistnssic \.iii \t)t)i nocnidc icsiili.itcn en tontlusies \oinicii tic inhoud 
\,iii hooldstuk ü 
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λ.m allen die op u u g e i k i \w]zc h e b b u i тес!сцс\\сікі ,ι,ιη hel tot st,nul 
komen \<ш dit pioelschi ilt betuig ik ιιιψι b.iilcli |ke dank 
S]jcci.ial tlicnen te i o n i e n \ciineld de heien 111 U M \its, \ | 
Petcis en Ρ H (. Plulipsen \an de opciatie .ікісііпц van het (ent iaa l 
t l ieienlal joiatoinim (Hoold Di M [ I)ol)l)el.i n) Mcjiilliotnv M II I' 
\an de Н о т Ь с і ц І і \an hol Іл іюі . і іипит \ooi очіеоіоціс de h e u η Ji M 
M I' Yiijlioell en I I I oui eus \an de акіеішд landlieelkiindige maie 
naalki inde (Hoold P i o ! Di 1 ( M Dnesscns), de h e i t n I С van 
H o n t en \ 1 \ R C M K η \лп de а к і е і т ц medische lotoginlu de licei 
Di R de ( i iaal \<in de slatististhe aldeling \aii liet V RC (I lookl Dis 
Ρ \aii 1 liei en) 1 Iet nunuset ipt weid Цеі)р1 en gcconigeeid dooi de 
daines \ I c | u l l i o i m M Robbcis MCMOIIW H W Bi ugmans /icv.ilk t n 
Me\iotiv\ О ЛоІІеп Λροη 
De \ert<iliiiç v\eid vci/oigd dooi T h ν in Winsen te \nisteid.mi 
ll'-i 

Het cflect van с а і т о і ш і с ' o)) boionibouu en met name op de bot 
х о і т т ц is met xokloende bestiitlecrd 
2 
Dooi E H D Ρ (ethyl hydroxy disphosphonaat) meclicatie woidl liet ont­
staan van paia ai tu a l a n e ossilicaties na een totale lieiip\ei\anging in 
belangii |ke mate \c imindeid 
'•5 
Naast ongunstige nevenwerkingen van het cement is vooral het opeiatie-
i iauma van belang bij het ontstaan van bolneciose londoni aciylcement 
1 
Hij de behandeling van vitale pat icntu i met een colhimhactuin dient 
van het plaatsen van ecu kophalspiothese te v\oiden afgezien wegens liet 
lre<]iieine optreden van proti usio acetabuh, indien een aithioplastiek ge 
indiceeid is, is slechts een totale hcuppiothese toegestaan 
Ue indicaties vooi de vioegtijdige behandeling van de klompvoet kunnen 
alleen vvoidin gesteld op giond van de ondeil inge ]josities van de bot 
keinen van de voetwoitel, /oals de/e op de lontgento ios /ichtbaai wor­
den 
(ι 
Hoewel svnovulomie in het algemeen een belangt ijke aanwinst is vooi 
de behandeling van iheumatoide a i t h n l i s is deze ingrce|) ten aanzien van 
bet heupgewiidit niet geindiceeid 
7 
15i| ti ansai ticulaiie ν ingei amputaties veidient het de vooi kein het ge 
vvrichtskia.ikbeen van het stompuiteinde niet te vervvijdeien 

8 
Bij osteotomieen \лп de bcnenkaak volgens Le l o i t I en Le Port II 
kunnen gelijktijdig collecties \лп het nasale skelet worden imgevoeul 
9 
The unf.ivourable e.ul) lesults ol consetvative t i e a t m e m ol patients 
with unstable angina plus then \ei) u n t e i t a i n (ont inued outlook ni.i) 
indicate that the usks of m^ocaidi.d revastulans.ition aie (ustihcd toi a 
g ioup in such peul 
«, ιοκπ (, RovM М м и 1472 1 1057) 
10 
Vooi een |uiste stadium iiidelini· \лп hel l a i w i x c a m n o o m \olgens het 
1 N M systeem is de laiyngograhe onmisbaat 
11 
Bij de behandel ing \.in geiesustiteeide ve idi inkmgs |wt iemen is de viaag 
naai \Lidiinking in zoet ol /out watei \an ondeigeschikt belang, veel 
l)elangii|kei is de \ioegtijdige diagnose en dnecte belbindehng van een 
opt iedende h^jjoxeniie als gc\olg \an longbeschadiging die m beide ge 
vallen kan voorkomen 
12 
ü e Latijnse benamingen vooi de hcisenvlie/en, d ina matei en pia mater 
7i]n van Aiabische ooispiong 
Π 
De oiihopacdisch c h u u i g vvoidi m ÌSedciland, m tegenstelling tot de 
andeie lunopese landen, l)ij de behandeling van iiaiimaia van het bev\e 
gingsappaiaat nagenoeg niet betiokken 
И 
In de topsjjoit vonnt de g i tns van de belasibaaibeici van hel hoiidings 
en bewegingsappaiaat, evcn/eei een piesiaiic be|jei kende hu toi, als hei 
vu mogen van het caidio vasculaiie svsteem 
\ | С Nollen 
21 septembei 1472 



